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ELECTRONICS SCENE 


IEE REPORTS ON THE 

UK MANUFACTURING SCENE 
pe underqualified workforce, a loss of 

national innovative capability, and a 
very uneven spend on R&D are just a few of 
the reasons for the worrying decline in UK 
manufacturing, says a report published by the 
Institution of Electrical Engineers (TEE). 

The report, ‘UK Manufacturing — A sur- 
vey of surveys and a compendium of reme- 
dies’, has been compiled by Prof. Jack Levy, 
OBE, FEng, a leading figure in the world of 
engineering and a former Director— Engineering 
Profession of the Engineering Council. 

Other problems identified by the IEE in- 
clude: a shortage of strong medium-sized com- 
panies and a sometimes unsatisfactory bal- 
ance of interests between shareholders, man- 
agers and workforce. The report also rec- 
ommends further action to improve the over- 
all quality of management in the UK manu- 
facturing sector. 

Manufacturing is the largest single ele- 
ment of the UK’s economy. Its continuing de- 
cline is therefore a cause for considerable con- 
cern, especially in the electronics industry. As 
aresult, the past few years have seen the 
publication of a number of highly signifi- 
cantreports on the problem, Professor Levy’s 
findings are all the more important because 
his work draws together and directly com- 
pares the views expressed separately by a 
number of authoritative bodies. 

The IEE report provides a comprehen- 
sive overview and independent interpretation 
of all the data available. A vast body of in- 
formation has been compressed into an ac- 
cessible ‘question and answer’ format to get 
at the truth behind the headlines. Some of 
the questions the survey seeks to answer are: 
Exactly how important is manufacturing to 
the United Kingdom? 

How does the UK compare with its inter- 
national competitors ? 

How does the UK compare with its competi- 
tors on imports-affecting performance ? 

The final chapter of the report, entitled 
‘A compendium of remedies’ sets out a list 
of potential actions for Government, Industry, 
Education, Engineering Institutions, and other 
key agencies. The ‘remedies’ range from 
all-embracing socio-economic measures to 
detailed improvements in manufacturing 
technology. 

Single free copies of the report are avail- 
able from the Public Affairs Board, IEE, 
Savoy Place, London WC2R OBL. Telephone 
071 240 1871; Fax 071 497 2143. 


BOARD TEST SYSTEM WINS 
AWARD 

he increasing complexity of electronic 

equipment presents manufacturers with 
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port to their work. It is an automatic testing 
system, the Schlumberger $790 pictured here, 
which simulates the operating environmentin 
which the most complex printed circuit boards 
will ultimately be working. It is beheved to 
be the only one of its kind in the world that 
can be deployed horizontally for robotic pro- 
duction line handling of PCBs, and also tilted 
at any angle to enable an operator to sit com- 
fortably in a standard office chair and reach 
the whole of the unit under test. 

The PCB being tested is receiving and 
transmitting signals controlled by the 
Schlumberger board tester as if it were in its 
final environment. A typical example would 
be in a modern telephone exchange. 

The awards, sponsored by National Power, 
Britain’s largest electricity generaling com- 
pany, are presented annually in recognition 
of products that are considered by an inde- 
pendent panel of judges to have met criteria 
listed under the headings of design innova- 
tion, performance and reliability, efficiency 
of manufacture, ease of use and mainte- 
nance, appearance and value for money. 

The Design Council, 28 Haymarket, London 
SW1Y 4SU. 


CONCURRENT ENGINEERING 
INFORMATION PACK 
tens (or simultaneous) engineer- 

ing is the subject of an information pack 
published by the Technical Information Unit 
of the Institution of Electrical Engineers 
(IEE). The pack contains summaries of tech- 
nical papers on: case studies; the automo- 
tive, defence and electronics industries; de- 
sign-for-manufacture; computer-aided en- 
gineering; intelligence-based systems. 
Further chapters list books and conference 
proceedings; training courses; computer con- 


concurrent consideration of all constraints 
when making a design decision. This is far 
removed from the traditidnal serial design 
process where manufacturing, support and 
maintainability considerations are made after 
the design decision is made. 

Implementation of concurrent engincer- 
ing has led to considerable improvements in 
performance. The following reductions can 
be achieved: manufacturing lead times, 30%; 
manufacturing costs, over 40%; number of 
engineering changes, almost 100%, design 
lead times, 60%; design costs, 30%; scrap/re- 
work, 70-80%. 

Unfortunately, awareness of the concept 
of concurrent engineering is low among UK 
electronics manufacturers. 

Copies of the information pack are avail- 
able, price £37, from Publication Sales, IEE, 
PO Box 96, Stevenage SGI 2SD. 


4-MEGABIT CMOS EEPROM 

FROM WHITE TECHNOLOGY 

he WE-512K8-150 series of CMOS 

EEPROMs from White Technology is be- 
lieved to be the industry’s first to be pack- 
aged in a standard 32-pin hermetically sealed 
DIP with JEDEC standard byte-wide pinout. 

Devices in the series operate from 5 V, 
are available in temperature ranges from 
—40 °C to +125 °C, and have a read access 
time of 150 ns, They are well suited for pro- 
gram storage and data logging applications. 
They retain data for ten years after writing. 

Inputs and outputs are CMOS and TTL 
compatible. The logic levels and drive capa- 
bilities permit the memory to interface with 
most digital logic systems. 


128K xB 
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White Technology of 4246E Wood St, 
Phoenix, Arizona 85040, USA, is repre- 
sented in the UK by Bowmar Instruments, 
telephone 093 285 1341. 


MIDI UNIVERSAL INSTRUMENT 
CONTROLLER 
IDI systems for keyboard and guitar are 
well developed but ‘free reed’ instru- 
ment have not so easily been adapted. The 
main drawback has been that the keys of the 
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Instrument Controller is claimed to overcome 
these drawbacks and the need to have a dif- 
ferent system for each instrument. 

The controller satisfics the need to con- 
trol different musical instruments, with in- 
strument control parameters maintained in- 
ternally, with no need to change hardware 
when changing instruments. An example of 
an instrument to benefit from this MIDI sys- 
tem would be a MIDI concertina where, 
owing to its small size, dedicated control hard- 
ware could not easily be installed into it. 

The new controller offers rapid develop- 
ment and minimum delay in controlling new 
MIDI instrument designs; a low cost solu- 
tion to attaining a MIDI musical instrument 
without the cost of developing dedicated 
hardware; and the advancement of instrument 
breath control for bellow and mouth actu- 
ated instruments. 

It offers the user versatile control of dif- 
ferent instruments that can be changed rapidly 
during a performance, all controlled by one 
module. This module is programmable be- 
fore a performance for key and MIDI codes 
information and MIDI special effects. 

For companies interested in taking up a 
manufacturing/markcting licence, a MIDI 
concertina prototype is available for demon- 
stration from Inventalink, 5 Clipstone Street, 
London WIP 7EB. 


LOW-COST FIBRE-OPTIC LINKS 


AS already briefly noted in the final part 
of our ‘A.F. digital-to-analogue con- 
verter’ (October 1992), the Toslink™ TORX173 
and TOTX173 fibre-optic transmitting and 
receiving modules are available from Highland 
Technology. These devices are suitable for 
use with TTL signals at data rates of up to 
6 MHz and transmission distances of up to 
10 m. The modules, along with a range of 
fibre-optic terminated cables, are ideal for 
digital audio links, and for error-free data 
transmission in areas affected by external clec- 
tromagnetic fields. 

Highland Technology, Albert Drive, Burgess 
Hill RH15 9TN. Telephone 0444 236 000. 


VARIABLE FILTER 
Fe esi programmable filter instru- 
ment that provides cut-off frequencies 
between 0.1 Hz and 102.3 kHz—a million- 


The VBF1O Series, which is housed in a_ 


compact one-unit high case, provides pro- 


grammable gain from —11 dB to +70 dB on 
each channel. Units can be operated ona stand- 
alone basis or in series or parallel, and can 
be computer-controlled via an RS232 inter- 
face or a GPIB option. 

Kemo Ltd, 9-12 Goodwood Parade, Elmers 
End, Beckenham BR3 3Q7Z. 


BASSMASTER 602 

he Bassmaster 602 is the first of a new 

generation of loudspeakers from Morel. 
Not only does it use Morel’s British-built 
advanced technology drive units, it also em- 
ploys a unique double-chamber bass system 
designed specifically for Morel’s vented 
magnet woofer. 

Morel’s woofers are unusual in having very 
large voice coils, with the magnet situated 
within the voice coil. Not only is this very 
compact, it also makes for a very efficient 
magnetic ‘motor’ system. Morel woofer cones 
have no separate dust cap. They are made in 
one piece and fix directly to the aluminium 
voice coil former (with hexatech aluminium 
wire), which makes fora very light, rigid struc- 
ture. The result is a range of woofers that 
can handle lots of power withoul compres- 
sion and yet are very compact. 

The centre of the magnet is vented at the 
rear in Morel woofers and it is this that 
makes the Bassmaster 602’s unique double- 
chamber system possible. By using separate 
custom-tuned enclosures for both the cone 
areas (one for inside and for outside the voice 
coil) and carefully controlled acoustic resis- 
tance, Morel have achieved greatly extended 


bass, down to 16 Hz, and with excellent 
power handling—all froma very compact } 4- 
litre cabinet. In addition, they avoid the boxy 
or boomy sound so typical of bass reflex 
loudspeakers. Morel call their system Controlled 
Acoustic Turbo Duct, or CATD for short. 

The Bassmaster 602 has a wide and even 
frequency response of +2.5 dB, ~3.5 dB from 
40 Hz to 20kHz(—12 dB at 16 Hz); a flat phase 
response at +45° from 30 Hz to 20 kHz; and 
power handling of 250 W. 

Morel (UK) Ltd, 11 Foxtail Road, Nacton 
Road (Ransomes) Industrial Estate, Ipswich 
[P3 ORT. 


WATERPROOF SWITCHES 
Wwe IP67 rated switches for elec- 

tronic control and keyboard use in the 
most demanding areas have been introduced 
by Quiller. They are available with a choice 
of round or square actuator buttons, bezels 
and colours. 


Standard versions are furnished with sil- 
ver contacts. Gold is available as an option 
if the switch has to operate in very-low volt- 
age or current systems. Reliability is high: a 
working lifetime of at least 10 million actu- 
ations is guaranteed. 

In addition to the standard version, which 
has an operating temperature ceiling of +65 °C, 
a high temperature alternative will function 
at up to 160 °C. Illuminated versions with 
LEDs mounted in the button or bezel are 
also available. 

Quiller Switches Ltd, 2 Paisley Road, 
Bournemouth BH6 SEU. 


INTEL STOPS EPROM PRODUCTION 
ustafter ‘Flash EPROMsS’ (see our October, . 
1992 issue) in which we pointed toa prob- ‘ 

able market shift towards flash memories had 
gonc to press, Intel announced that it was leav- 
ing the EPROM business by the end of the 
year. The company said it intends to use the 
spare capacity so created for the production 
of flash memories. 


Inte] Corp. (UK) Ltd, Pipers Way, Swindon, 
Wiltshire SN3 IRJ. 


ELEKTOR ELECTRONICS NOVEMBER 1992 


S.. 


A COMPACT SPIRAL T/R HF 


This is a short, efficient, 
horizontal indoor spiral 
transmitting/receiving 
antenna, using 139 feet 
(approx. 42 m), that can be 
compacted into a length of 
about 15 feet (approx. 3 m). It 
is based on a pair of Slinkys. 
And, quite reasonably, you 
may ask “and what on earth is 
a Slinky?” 


By Richard Q. Marris, G2BZQ 


LINKY was first met, by courtesy of the 

two sons of a colleague, while the au- 
thor lived and worked in the U.S.A. for 
several years during the 1970's, Slinky is 
manufactured in the U.S.A. by James 
Industries Inc., Hollidaysburg, PA 16648. 
It consists of 90x2% in (90x7 cm) diameter 
turns of spring made of 67 ft (approx. 
20 m) of flat bright steel wire. Each Slinky 
weighs about 4 lb (approx. 0.45 kg), and 
can be extracted to about 15 ft (4.5 m). 
However, it comes compressed into a 2%- 
in (5.7-cm) length in a robust red carton on 
which we read that Slinky is ‘a walking 
spring toy’ for ‘ages 6 and up!’. It was 
demonstrated to the author as a fascinat- 
ing toy which would, among other things, 
walk down stairs! 


Design background 


It so happens that as a Slinky is expanded, 
it resonates as a 4A between 7 and 8 MHz. 
In fact, the retailers (Antenna West) offer 
suggestions, and kits of parts, for using it 
as a 7-MHz or 14-MHz delta matched di- 
pole. Each dipole can be resonated by ex- 
panding or contracting the spring coil. It is 
estimated that the bandwidth would be 
comparatively narrow. Each kit comes 
with a Slinky, a transparent messenger 
line, transparent coil positioning tabs, ceil- 
ing hooks with hardware, transparent suc- 
tion caps and white coaxial feedline. 


Antenna description 


The requirement was for a short efficient 

indoor multiband T/R antenna, which can 

be slung diagonally across a room, and 

used on most of the H.F. amateur bands. 
As the peimaty, and lowest, frequency 
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in KY Fcouls (without accessories) 

tained, and electrically secured end-to- 


ANTENNA 


end. The long double Slinky was hung di- 
agonally across a room, and end-fed with 
a short single feedline plugged into a suit- 
able ATU (antenna tuning unit) which 
would resonate it on all amateur bands be- 
tween 10 m (28 MHz) and 80 m (3.5 MHz). 
It was anticipated that the voltage and cur- 
rent distribution would be relatively uni- 
form over the whole length, and that a 
sizeable section of each band could be 
used without retuning the ATU. As two 
coils weigh about | Ib (approx. 0.9 kg), the 
whole spring was supported by thin nylon 


cord, enabling the antenna to be length ad- 
justed, and compressed into a few inches 
when not in use. Also, it could be dis- 
creetly hidden in a corner of the room. 
The final operating arrangement is 
shown in Fig. la, and the non-operational 
arrangement, in Fig. 1b. The 5-ft long feed- 
line drops down from the room corner 
end, located over the equipment, the ATU. 
Various ATU types were tried, but the 
simple ‘T’ type shown in Fig. 2 proved to 
be the most effective. The earth connection 
was taken with about 15 ft (4.5 m) of stout 


154” (4.6m) 
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flex to a convenient water pipe. Though 
the final antenna is only 15’4” long (ap- 
prox. 4.6 m), plus the 5-ft (1.5-m) drop- 
down feeder, there is actually a total of 
139 ft (41.7 m) of wire, i.e., 2x67 ft plus 5 ft. 
The diagonal space across the room was 
18 ft (5.4 m). The drop-down feedline is 
part of the antenna. 


Antenna construction 


A length of %.-in (1.6-mm) diameter white 
nylon cord is now suspended diagonally 
across the room, at least 9 ft (2.7 m) away 
from the ceiling, and carefully avoiding 
electric light fittings. Here, the length from 
corner to corner is 18 ft (5.4 m). The wire 
coil is now slipped over one end of the 
nylon cord, before it is securely fixed at 
one end, A stout 5-ft (1.5-m) long single- 
core flex feeder lead is soldered to one end 
of the coil, and dropped down to the ATU, 
as shown in Figs. la and 1b. A piece of 
nylon cord is tied to the other end of the 
coil, and terminated with a plastic ring or 
knob. By using this short nylon cord as a 
tow line, the coil can be expanded to a 
length of 15’4” (approx. 4.6 m), and a few 
turns of nylon cord wound and knotted at 
this point form an ‘anchoring stop’ for 
quickly expanding the antenna coil when 
in use. The last turn of the coil is slipped 
over this ‘stop’. 

When not in use, the coil can be pulled 
back to a discreet compressed coil at one 
end (see Fig. 1b). The horizontal length of 
nylon cord is nearly invisible against a 
white ceiling. 


ATU construction 


Possibly the reader has a suitable existing 
ATU, and this can be tried. Several ATU 
configurations were tried with the ‘T’ 
type, shown in Fig. 2, which was also the 
final design adopted. The inductor, L, is a 
length of B&W coil stock (see Components 
List), and Ci and C2 are both 250-pF good 
quality air-spaced variable capacitors. The 
whole is built into a convenient metal box, 
the maximum size of which will depend 
mainly on the type and size of the variable 
capacitor used. At least one diameter 
clearance should be left around L. 

The spindles of Ci and C2 must be iso- 
lated from all metalwork. A convenient 
way of doing this is to mount C1, C2 and L 
on a sheet of perspex, or non-metallized 
fibre-glass board, which is mounted on 
four short pillars, just behind the metal 
front panel. Large clearance holes will be 
required in the metal box panel, so that the 
spindles of C1 and C2 do not touch the 
metalwork. Sockets Skti and Skt2 are coax- 
ial types of convenient type to the user. 

Taps should be made on L, for each 
band to be used. The ATU will match the 
antenna to fee transmitter/receiver on the 


amateur radio bands. The author uses tap- 
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ping clips, but some of you may prefer a 
ceramic wafer rotary switch. The method 
of locating the taps is described below. 


Setting up, testing and 
operating 


With the antenna extracted to 154” 
(4.6 m), and plugged into Skti, and Skt2 
connected to the transceiver with a short 
length of coaxial feedline, an 
earthing / grounding connection should be 
made to the ATU. Here, about 15 ft (4.5 m) 
of stout wire flex is firmly connected to a 
convenient metal water pipe. Other conve- 
nient grounding arrangements may be 
used depending on individual circum- 
stances. 

Do not connect the ATU to plastic 
water pipes, metal gas pipes, or metal elec- 
tric wiring conduit. Do not connect it to 
the AC mains earthing pin either. Even 
though the mains earth will, no doubt, be 
connected to the transceiver, it must not be 
used as an RF earth connection to the 
ATU. 

Tune the receiver to a convenient spot 
on the 80-m (3.5-MHz) amateur radio 
band. Set C1 and C2 to 50% capacity, and 
move the tap along the coil, L, for maxi- 
mum signal. Adjust C2 for maximum sig- 
nal — this will match the ATU to the 
receiver’s input impedance. Next, repeat 
the adjustment of Ci for best antenna 
matching. Switch on the transmitter, and 
carefully re-adjust C1 and C2 for best load- 
ing and lowest SWR. Once you are satis- 
fied with the results, secure the 80-m 
tapping point by either solder, switch or 
clip connection, depending on what has 
been decided. An SWR of 1:1 is obtainable 
with care. Repeat the process for the other 
bands selected. 

It is also possible to match the ATU /an- 
tenna combination to Top Band (1.8 MHz), 
but it is presumed that performance 
would be suitable for the shorter range op- 
eration. It has not been tried. 

As an example, the author has used this 
spiral antenna quite extensively, in the 
early morning, on the 80-m band, using a 
14 watts input CW transmitter. An SWR of 
1:1 has been achieved; no harmonics radia- 
tion or TVI detected, and the CW section 
of the band between 3.5 MHz and 3.6 MHz 


Fig. 2. Type ‘T ATU used. 


COMPONENTS LIST 


Note; at the time of Siting a Slinky coil 
(2% dia.) costs $10 each, plus $10 air 


mail (total $30). VISA a Mastercard 
— 


gee 
= 26nH indutance. B&W no. 3059 
ae in the UK from RF 
Engineering, Main Street, Coin-St. 
Aldwyns, Cirencester, Glos GL7 5AN. 
C1 and C2 = good quality 250-pF single- 
gang variable capacitor, with knob. 
SKtt, Skt2 = see text. 
Perspex or fibre glass board (see text). 


can be used without retuning C1 and C2. 
The antenna appears to be omnidirec- 
tional, with near uniform current/voltage 
distribution along the whole spiral coil. 
Tests on other bands have been similar. 
The results with the antenna diagonally 
across the room, ina first floor room, have 
been very satisfactory. For anyone who 
has not the full required length available, 
it is suggested that part of the far end of 
the spiral be dropped down, or taken off at 
an angle. 


Final considerations 


The spiral antenna has been designed for 
use indoors. It could, of course, be used 
outside, but being made of bright steel, 
would quickly corrode. This problem 
could probably be eliminated by any 
reader who has facilities to degrease and 
marine varnish each turn, inside and out- 
side, and between turns. At least two coats 
of varnish would be necessary for protec- 
tion. An expensive, and, alas, somewhat 
specialized, alternative would be to chro- 
mium-plate the whole spiral coil. 
Assuming that this antenna will be 
used indoors (as designed and intended), 
in the interest of safety, only low transmit- 
ting power should be used. Good quality 
air-spaced receiver-type variable capaci- 
tors for Ci and C2 should be satisfactory 
with transmitter output levels of up to 
25 watts. a 


Useful reading 
Antennas — 2nd edition, 1988, by John. D. 
Kraus (McGraw-Hill Book Company). 
Antenna Book — 16th edition, 

(American Radio Relay League). 


1991 


League). 
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PRINTER SHARING UNIT 
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A printer is an essential peripheral device for nearly every one 
using a PC. However, since a printer will rarely be used all the 
time, it is not necessary to have one with every PC within a 
range of, say, 10 m. The circuit described here is an 
automatically operating switching unit that allows up to four 
PCs to make use of a single printer. 


Design by A. Rietjens 


N particular with fairly expensive print- 
ers it is common practice to set up some 
kind of sharing arrangement where there 
are several PCs. Not surprisingly, printer 
switching units are found in many small 
offices these days. 
ing unt is illustrated by the DIOCcK diagram 
given in Fig. 1. There are up to four 


Centronics inputs, each of which is con- 

nected to a bus that conveys the signals to 

the printer connected to Ki. The block 

marked ‘select’ connects each of the four 

inputs to the output, at a repeat rate of 4 

second. If a computer connected to a par- 
2 5 “231 : 


= “Ut c. 


— 


If the computer does send data during the 


time it is connected to the printer, this re- 
sponds by making the BUSY line high. 
This event triggers a monostable multivi- 
brator (MMV) which immediately disables 
the oscillator and the select block. As long 
as BUSY remains high, or goes high again 
within the MMV’s monotime, the printer 
will remain connected to the computer 
that sends data. However, as soon as the 
computer is found waiting longer than the 
set monotime, the circuit starts to scan its 
inputs again for activity, i.e., another com- 
puter that may have data ready for the 
printer. 

Some of you may wonder at this point 
why the BUSY line of the printer is used 
rather than the strobe pulse of the com- 
puter to detect if data is being conveyed. 
At first glance, using the strobe pulse 
would appear much more logical since 
that signal is supplied by the source of the 
data, i.e., the computer. There is, however, 
a snag: some computers may block the 
printer switch when they are switched off, 
because the strobe output then forms a 
low level (remember, the strobe pulse is 
active low). By contrast, a ‘true’ 
Centronics strobe output is an open collec- 
tor driver without a pull-up resistor, and 
does not cause problems in this respect be- 
cause it ‘floats’ when the PC is switched 
off. Unfortunately, not all printer card 
manufacturers abide by the Centronics 
standards, so that it is very well possible 
that the strobe line forms a ‘low’ level 
when the PC is switched off. Obviously, 
this causes problems on the printer shar- 
ing unit since in that case an active 
Centronics port is detected. 

The above problems are prevented by 
using the printer’s BUSY line. This allows 
the circuit to respond to the fact that data 
have already arrived at the printer, and 
this data can only originate from a com- 
puter that is switched on. 

Still, the printer switch is not quite per- 
fect. As far as we have been able to ascer- 
tain, there are two cases in which things 
can go wrong. This has to do with the 
structure of the software that runs on the 
computer. 

In the first case, we refer to programs 
that check beforehand if a printer is avail- 
able. In most cases, this check lasts long 
enough to allow the printer sharing unit to 
finish its input scanning cycle until it 
reaches the computer that wants to print at 
that time. By contrast, there are also pro- 
grams that insist on finding a printer right 
at the first check. If the computer that runs 
such a program happens to be not selected 
during the check, the program will refuse 
to print (on some computers this occurs, 
for instance, with the ‘print screen’ rou- 

ine) Fortunately, this can be solved man- 


inputs is indicated by LEDs, and slow 
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enough for you to launch the print job at 
the right instant. The only proviso for this 
little trick is that you can see the printer 
sharing unit from your workplace. 

The second problem arises when a pro- 
gram interrupts its printer output routine 
to calculate the next data to be printed. If 
this calculation lasts longer than the set 
MMV time on the printer sharing box, an- 
other computer may ‘throw in’ its data. If 
you are using such software, there is no 
option but to ask your fellow printer users 
not to send data before your PC is fin- 
ished. 


How it works 


The circuit diagram, Fig. 2, shows five sub- 
circuits. The bus that connects these sub- 
circuits is a length of flateable with five 
IDC sockets inserted into the even num- 
bered headers. The use of the flatcable bus 
will be reverted to when we talk about the 
printed circuit board. 

Four of the five sub-circuits are identi- 
cal. They represent the four PC input con- 
nectors (K3, Ks, K7 and Ks) with the 
associated electronic switches. Ilere, the 
switches are formed by buffers with three- 
state outputs ([Ca-1C 13), When a particular 
input circuit is not selected, its buffer out- 
puts are switched to high impedance, 
which means that all signals from the com- 
puter to the bus and the printer, and from 
the bus to the computer, are disconnected. 
Also, the bus-to-computer lines are then 
pulled to a logic level that tells the com- 
puter that the printer is not ready to re- 
ceive data. This is achieved with the aid of 
pull-up and pull-down resistors. A normal 
Centronics link between computer and 
printer exists only on the selected input, 
since there the buffer outputs are switched 
to their active state. 

The most interesting section of the cir- 
cuit is the fifth sub-circuit. Electrically, this 
sits between printer connector Ki and bus 
connector K2. This is the central control of 
the printer sharing unit. Assuming the 
printer is not busy, and none of the PCs of- 
fers any data, the printer’s BUSY line 
{pin 11 on K1) is logic low, and monostable 
IC4a is not triggered. In this condition, the 
pulse generator built around IC2d is en- 
abled, and produces a short pulse every 
0.33 s. The trailing edge of the oscillator 
pulse clocks two J-K bistables, IC5a and 
ICsb, which function as a counter. The 
counter continually cycles through states 
0, 1, 2 and 3. The counter state is sent to 
four individual lines by decoders [C3a and 
IC3b, The four outputs of IC3a are used to 
select the buffers in the input circuits. This 
selection runs at a rate of 0.33 s. Decoder 
IC3b functions similarly to IC3a, but it con- 
trols LEDs instead of input buffers. These 
LEDs indicate the currently selected input. 
IC3a also controls LEDs fitted with each 
input connector. The purpose of these 
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Fig. 1. Block diagram of the printer sharing unit. Four inputs are continuously monitored for 


the presence of printer data. 


Gates 1C2a, 1C2b and 1C2c are essential to 
prevent timing problems. Their logic func- 
tion is 


BUSY, _, = BUSY, 


foul) fin} 


+ CLK * O\ 


which means that the BUSY signal sup- 
plied by the printer (BUSY), .) is always 
conveyed directly to the connected com- 
puter (BUSY, _,,). However, it is also read- 
ily seen that the circuit, when it is not 
active (Q\ at ‘I’) supplies a ‘BUSY’ signal 
to the computer when the clock pulse is 
high. From that moment on, the selected 
computer can not send data any more. But 
what happens if the computer has just be- 
fore sent its first byte, and the printer has 
not responded to it by pulling the BUSY 
line high? Fortunately, the clock pulse is 
long enough to ensure that this first BUSY 
signal arrives before the end of the clock 
pulse. In that case, the circuit will keep the 
active computer ‘hanging on’. ie., se- 
lected. Lf no BUSY signal arrives from the 


~ which happens on the trailing edge of the 
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printer in the mean time, the circuit can _. 


clock pulse. After this edge, the selected 
computer is immediately supplied with a 
low (inactive) BUSY signal (neither the 
printer nor the circuit was busy). This is 
taken to indicate that new data may be 
sent. Since this data will not be ready for at 
least 0.5 us, input switching can safely 
take place. 

The moment the printer responds to the 
data with a BUSY signal, monostable mul- 
tivibrator IC4a is triggered. The setting of 
the monostable determines how long the 
circuit waits for new data after the printer 
has stopped printing. Because [C4a is trig- 
gered, Q\ goes low. During the monotime, 
the clock generator and the counter are 
disabled, and gates [C2a, [C2b and [C2c 
simply convey the printer’s BUSY signal. 
As long as the BUSY line remains high, or 
goes high again within the monotime, the 
MMV is triggered again. The monotime 
can be set to between 0.45 s and 23 s with 
the aid of preset Pi. If the monotime 
passes without a BUSY signal arriving, O\ 


-reverts.to high, and the counter and-oseil- -.... 


back in its ‘stand-by state, scanning the 
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PRINTER SHARING UNIT 


four inputs for data. 

The power supply for the printer sharing 
units may be realized in two ways. With 
switch Si set to the position shown in the 
circuit diagram, the supply voltage is ob- 


tained from the printer. Unfortunately, not 
every printer furnishes a suitable supply 
voltage, whence the external power sup- 
ply option. Any external power supply 


an 


may be used that supplies an unstabilized 
direct voltage between 8 V and 20 V. 
Regulator 1Ci reduces this unstabilized 
voltage to a stabilized 5-V rail for the cir- 
cuit. Incidentally, do not be surprised if 


12 = T4HCT1 32 
103 = F4HCT139 
C4 = T4HCT123 
IC5 = T4HCT?S 
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you find that the circuit works perfectly 
with no power supply connected at all — 
in some cases, it can draw enough current 
from the computer outputs to build up its 
own supply voltage. Convenient as if may 
be, this situation does not guarantee reli- 
able operation! 


A large circuit board 


The printed circuit board designed for the 
printer sharing unit consists of five 
smaller boards, which are interconnected 
via a flatcable (the previously mentioned 
bus). In spite of the ‘modular’ layout of the 
large PCB, it is by no means necessary to 
separate the sub-boards from another. 
Even when they are left together, they 
form a compact printer switch. However, 
if you wish to separate them, this is no 
problem at all — all that has to be done is 
to adapt the length of the flatcable as re- 
quired. 

A number of options are available for 
the LEDs that indicate the currently active 
input. An LED may be fitted next to each 
input connector. Alternatively, LEDs may 
be fitted next to the output connector. The 
decision on fitting or not fitting a certain 
LED depends on the way the printer 
switch is built into a case. For instance, 
you may fit a LED next to each connector 
on the rear panel (particularly useful for 
faultfinding purposes), and the other four 
LEDs on the front panel, for all users to 
see, 

Apart from the flatcable, the Centronics 
connectors and the LEDs next to the input 
connectors, construction of the unit is all 
plain sailing. As always, fit the wire links 
first so that these are not forgotten later. 
Pins 1 to 18 of the connector are at the side 
of the associated LED. Before you start sol- 
dering the connector pins, fit the connec- 
tors on two 7.5-mm (0.3 in.) high pillars. 
Alternatively, if you can not find 
Centronics sockets for PCB mounting, you 
may use connectors with solder pins, fit 
these at the required height, and connect 
them to the PCB via short wires. 

Assuming that you have not cut the 
PCB into modules, the next step is to make 
the flatcable. This is precision work, since 
the spacing of the IDC sockets on the cable 
is critical. If you fit them too close to- 
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to the headers on the board. Likewise, ‘if, 
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COMPONENTS LIST 


9;R24 
R7;R8:R12; 
RI3-R17:R18; 
R22;R23 
R2 


R3 
1MQ R4 
4kQ7 8-way SIL R5;R6;R10; 
R11;R15;R16; 
baw R20;R21 
1 © 500k preset H P41 


| Capacitors: 
1 100uF 16V radial C1 
1 470nF 
1 °330nF 
411° 100nF 


Semiconductors: 


8 LED D1-D4;D6-D9 


you fit them too far apart, the cable will 
bulge. That is not a problem in itself, how- 
ever it does not look very good. 

When the completed PCB is to be fitted 
behind a front or rear panel, this will have 
to be done from the inside. Note that the 
Centronics sockets used here are not really 
suitable for panel mounting, but it can be 
done, First, drill the holes for the fixing 


TAKE A TRIP DOWN MEMORY LANE 


Today, Radio or Wireless as we used to 
call it, has become so much part of our 
lives that is difficult to appreciate the fact 
that in earlier days it was considered al- 
most a miracle that Music and Voices 
could come into our homes ‘out of the air’ 
by Wireless Waves. 

The Wireless Museum in Lindfield, 
West Sussex, displays not only a fine col- 
lection of Vintage Wireless Sets and para- 
phernalia from the days before transistors 
and silicon chips, but it also attempts to 
capture some of the atmosphere of the 
early wireless days. 

Have the thrill of hearing, on a pair of 
headphones, the music from a Cat's 
Whisker and Crystal Set. 

Listen to music coming from a ‘horn 
loudspeaker’ connected to a 1930's home 
made valve receiver — a type that squeals 
when the volume is turned up very high. 

Switch on some of the old-time valve 
sets that take an age to warm up. 

Browse at leisure round other exhibits 
and talk about the old days of Wireless 
with the Curator. 

There are many interesting milestones in 
Wireless Broadcasting history, and the fol- 


~ 1901 Marconi ‘successfully broadcasts 


DS 
C1 
Ic2 
IC3 
IC4 
ICS 
74HCT541 IC6-IC13 
Miscellaneous: 
1. SPST switch for PCB sh 
mounting (raster: 7.5 mm) $1 
§ 36-way PCB-mount 
Centronics socket, 
straight pins 


26-way box header, 
straight pins | 


K1;K3;K5;K7; 
Kg 


K2:K4;K6;K8; 
K10 
5 26-way IDC flatcable 
socket 
17cm 26-way flatcable 
{Printed circuit board 920011 


screws. Next, cut and file a rectangular 
clearance that is long and wide enough to 
pass the connector and the clamp springs 
(approx. 58x15 mm). The locations of the 
holes are easily pencilled out on the panel 
by making use of the (empty) printed cir- 
cuit board, or a photocopy of the compo- 
nent layout. 

The circuit has only one adjustment: 


THE 


WIRELESS MUSEUM 
LINDFIELD 


40 YEARS OF VALVE RADIO 
1920-1960 


signals by Wireless from Poldhu_ in 
Cornwall to Newfoundland. 

1920 An experimental broadcast from 
the Marconi Works in Chelmsford in- 


cluded a concert by the famous soprano 
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PRINTER SHARING UNIT 
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Fig. 4. Centronics connector pinning. 


preset P1, This has to be adjusted such that 
the printer sharing unit is capable of 
‘bridging’ the longest time your software 
needs for calculations before it sends new 
printer data. In case you are not sure about 
what sort of times to expect, simply set P1 
to maximum resistance (wiper towards 
IC4). a 


using the famous callsign 2MT. 

The museum is privately owned and 
non-profit making. The only source of in- 
come is from the vistor's generosity, which 
enables this nostalgic collection to be dis- 
played to the public. 


The Wireless Museum, The Old Brewery, 
53 High Street, Lindfield, West Sussex 
RH16 2HN. Telephone: (0444) 484552. 
Collection owner and Curator: Mr. Ray 
Leworthy. 


OUTPUT AMPLIFIER FOR 
RIBBON LOUDSPEAKERS 
PART | 


Design by T. Giesberts 


This article describes an out-of-the-ordinary amplifier for 
driving very-low-impedance transducers such as ribbon 
loudspeakers. The amplifier is able to deliver 20 A,,,, (with 
peaks up to 30 A) into a load of 0.4 © with low distortion. 


he modern ribbon loudspeaker is among 

the most efficient transducers available. 
Its construction is very simple: the diaphragm 
consists of an aluminium foil ribbon sus- 
pended between the poles of a magnet—see 
Fig. 1. The nominal flux density in the gap is 
about 1.0 Tesla. A practical ribbon is 5-7 mm 
long, 8-12 mm wide, 3 1m thick and has a 
mass of 3-4mg. Its resistance is 0.2+).5 Q. Such 
aunitis eminently suitable for use as a tweeter. 
However, over the past few years wide-range 
ribbon loudspeakers using much longer rib- 
bons have become available, such as those 
of Strathearn (50 cm er 2 in) or, among others, 
Gold Ribbon and Speakerlab that measure a 
metre or more. 


Low impedance 


Unfortunately, ribbon loudspeakers have such 
a low impedance that they are normally con- 
nected to the output stage via a suitable 
impedance transformer. This is, however, 
not beneficial for the reproduction of the 
higher audio frequencies. 

The present amplifier enables direct driv- 
ing of a ribbon loudspeaker: it can deliver 
up to 160 W into 0.4 Q. The larger part of the 
transfer resistances in the connections are com- 
pensated by two separate sense lines. Although 
it is designed primarily for the Strathearn 
speaker, it is equally suitable for other trans- 
ducers that have an impedance of 0.2-1 Q 
(higher is possible, but the available power 
may then be insufficient owing to the low 
supply voltage used). 


The concept 


A current of 20 A,,., corresponding to a 
power of 140 W into 0.4 Q, was deemed suf- 
ficient for most applications. The output tran- 
sistors are Sanken types which offer a com- 
bination of high current amplification, good 
bandwidth, anda high peak collector current. 

To nullify the transfer resistances of the 
output connections a cable resistance of 0.05 2 


aes as coat ies a sort of sense input. 


fis a5 ciose TO mic 
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Fig. 1. Principle of ribbon loudspeaker. 


The result is that the amplifier compensates 
for virtually all resistance between its out- 
put and the loudspeaker. 

Probleins also arose in the choice of the 


power-on delay that obviates the clicks re- 
sulting from switching the amplifier on. For 
a number of reasons, relays were discounted 
from the onset. Of the various electronic means, 
anoptocoupler-triac solution was found tobe 
the most efficient and satisfactory. 


Block diagram 


The block diagram of the amplifier given in 
Fig. 2 clearly shows the symmetrical design. 
Differential amplifiers T, and T;, each giving 
anamplification of about x100, form the input 
stage. They are followed by differential am- | 
plifiers T, and T, respectively, each of which 
has an amplification of x20. 

The optocouplers in the collector circuits 
of T; and T, serve to suppress clicks result- 
ing from switching the amplifier on or off. The 
power-on delay ensures that the LEDs in the 
optocouplers light up slowly. Intially, there- 
fore, impedance matching transistors T,, and 
Ty, and thus drivers T,, and T);, are off so 
that no current flows in the output stage. 
Since in this way the opto-transistors are 
driven into conduction slowly, power to the 
output stages rises gradually, This arrange- 
ment effectively suppresses switching-on 
clicks. 

Since the impedance matching transis- 
tors are current-driven by the differential 
amplifiers, any non-linear behaviour of the 
opto-transistors has no effect on the reprod- 
cution quality. 

Transistor zener T|,-T|, between impedance 
matching transistors T); and T,, arranges the 
quiescent current through the output stages. 

Each of the output stages consists of a 
driver, T., and T); respectively, which drives 
two parallel- -connected output transistors, 
Tis-Ty and Ty-Ts, respectively. 

The current through the output transistors 
is monitored by the current limiting stage; if 
it rises above 30 A (dependent on the base- 
emitter voltage of T,) and the mains fuse 
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does not blow, the optocouplers are switched 
off instantly and the fuses in the power supply 
lines blow because the protection circuit switches 
on two heavy-duty triacs between those lines 
and earth. The protection circuit is also actu- 
ated if a direct voltage should appear at the 
amplifier output. 

The loudspeaker is connected to the out- 
put stages by four wires: two heavy-duty 
ones through which the high currents flow, 
and two sense lines that carry the feedback 
signals. 


Circuit description 

The input signal, normally provided by a 
preamplifier or active cross-over network, is 
applied to C,. This capacitor and R, form a 
high-pass filter with a cut-off frequency of 
9 Hz (this frequency may be lowered by giv- 
ing C; a higher value). This is followed by a 
high-pass filter, R»-C,, with a cut-off frequency 
of 280 kHz, to prevent transient intermodu- 
lation distortion (TID). 

The signal is then fed to differential am- 
plifiers T, and T. Since the thermal stability 
of these amplifiers depends on the coupling 
between the two transistors, the types shown 
are ideal because the two transistors are housed 
on one chip. Unfortunately, there is a dearth 
of double transistors, so that the choice here 
is very limited. 
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Frequency compensation for these am- 
plifiers is provided by R;-C, and Ryy-C, re- 
spectively. The values of the emitter and col- 
lector resistors shown give an amplification 
of around 100. 

The constant-current sources for the am- 
plifiers are formed by T; and T,, which use 
LEDs (D, and D,) as reference. The current 
throught these diodes is held constant by 
ancillary current source T;-R,;. 

Since the amplification of T, differs from 
that of T;, it is important that the offset volt- 
age of the amplifier is kept is small as feasi- 
ble. To this end, the base currents of these tran- 
sistors are compensated by a negative voltage 
derived from regulator IC, via R;;and R;;. This 
negative voltage holds the base voltage at vir- 
tually 0 V. Any other drift, such as caused by 
temperature variations, is nullified by an in- 
tegrator based on IC,. This stage readjusts 
the base voltages of T; and T; if required. The 
supply lines of IC, are additionally buffered 
by Cj and Cy, which ensure that the stage 
remains operative for a short while after the 
amplifier has been switched off. 

Then follow differential amplifiers T, and 
T; (a=20), whose frequency compensation is 
provided by C, and Cj. Transistors T; and 
Ty, together with diodes D, and D,, form the 
constant-current sources for the amplifiers. 
The current through the LEDs is held stable 
by ancillary current sources T -R);and T,-Rj,. 


current 
limiting 
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Because of the arrangement of the ancil- 
lary current sources, it is essential that diodes 
D,-D, have a forward voltage of 1.55-1.65 V. 

The signal is then applied via the transis- 
tors in the (power-on delay) optocouplers to 
impedance matching transistors T)) and T); 
that drive current amplifiers T,, and T);. The 
collectors of T;; and T,; are linked by transis- 
tor-zener T),-T);. The voltage across this zener, 
and consequently the direct current through 
power transistors T)-Ty and Ty-T,, is preset 
with P). 

The emitter resistances of the power tran- 
sistors consist of parallel combinations of re- 
sistors. This is not because of dissipation, 
but rather to divide the large currents over a 
number of soldering points. Moreover, the ar- 
rangement lowers the spurious inductance, 
which isimportant with low-impedance loads. 

Transistor T» is switched on when the 
peak emitter current of Ty or Ty, exceeds 30 A, 
whereupon the protection circuit is actuated. 

Although fuses F, and F, are rated at 7.5 A, 
they can withstand currents of up to 30 A, 
since they carry only one-half of the output 
signal. The + and — terminals in series with 
them are connected to the protection circuit. 
If one of the fuses blows, the LED in parallel 
with it lights. 

Resistor Rj; and Cj), form a Boucherot net- 
work. Inductor L, is for use only with tradi- 
tional loudspeakers; if only ribbon types are 
used, it may be omitted. 

The sense lines are connected to potential 
divider Ry-R:y, of which Ry and Rx deter- 
mine the feedback factor, while Ry and Ry 
ensure that the feedback remains functional 
if the sense lines are not connected. The feed- 
back signalis taken from junction Ry-Ry to the 
bases of T), and Ty. Network Ry-Ry-Cy-Cy, 
serves to equalize the impedance at the bases 
of T), and T,, with that at the inputs of T,, 
and T,,. This arrangement improves the com- 
mon-mode behaviour of the amplifier. The 
network does not affect the feedback. 


Protection circuit 


The diagram of the protection circuit is shown 
in Fig. 4. When the power is switched on, ca- 
pacitor C, is charged slowly via R,. It takes, 
therefore, a few seconds before darlington 
T;-T; is switched on, whereupon the LEDs in 
the optocouplers (connected to BI and B2) 
begin to light. When the potential across C; 
has risen to 1.7-1.8 V, the LEDs light at max- 
imum brightness. The darlington then oper- 
ates as a constant-current source, since D; holds 
the voltage across R,; and that across the 
base-emitter junction of T; and T, stable. 
Since T, is connected to the secondary of 
the mains transformer via diodes D, and D,, 
it is switched on every half period as long as 
the mains voltage is on. Transistor T,, and 
consequently T,, is then off. When there is 
no voltage across the secondary, for instance, 
when the power is switched off, T;,and, conse- 
quently T;, is switched on after half a period. 
This results in Schmitt trigger T,-T,—D, chang- 
ing state, whereupon T; and T; , and thus the 
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Fig. 2. Block diagram of the output amplifier. 


cated by the lighting of D,. 


optocouplers-are- switched off-Thisisindi—— 
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Current monitoring transistor Ty is con- 
nected to terminal A. When the load current 
gets too large, Ty begins to conduct, so that 
T, is switched on and the optocouplers are 
switched off. Darlington T, switches on tri- 
acs Tri, and Tri, via D,, whereupon the supply 


lines are short-circuited to ground. If this op- 
tion is not required, that is, the switching off 
of the optocouplers is deemed sufficient, Ds 
may be omitted. 

Protection against high temperatures is 
provided by Tj), (connected as diode) and 


IC,,. Through the transistor, which ismounted 
on the common heat sink for the power tran- 
sistors, flows a direct current via Rj and Ry. 
The voltage across T; is applied to the in- 
verting (—) input of IC,,, which operates as a 
comparator with hysteresis (provided by 
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Fig. 3. Circuit diagram of the amplifier. 
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Rx). That voltage is compared with a 
reference potential provided by Rj -P;. 
Ifit drops below the reference potential, 
the output of IC), changes state, where- 
upon the optocouplers are switched 
off via D,;. After the temperature has 
dropped some degrees, the amplifier 
is switched on again. The temperature 
at which the protection circuit becomes 
active is set with P). 

Any direct votage at the output of 
the amplifier is detected by low-pass fil- 
ter Ru-C,. If the direct voltage exceeds 
+0.6 V, transistor Ty (positive) or Typ 
(negative) is switched on. The inverting 
input of IC), goes low and its output 
goes high, whereupon triacs Tri, and Tri; 
@sv iw are switched on via D, and Ty. At the 
same instant, the optocouplers are 
switched off via D;. Options here are 
to omit D,,so that only the optocouplers 
are switched off, or to fit D,, but omit 
D;, so that only the supply lines are 
short-circuited. 


1C1 = CA3240 
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The construction of the anyplifier will be 
Fig. 4. Diagram of the protection circuit. described in next month's instalment. 
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DIFFERENTIAL THERMOMETER 


Design by J. Ruiters 


Temperature is a physical property of a body that determines 
the direction of heat flow when the body is brought into 
contact with another. Heat always flows from a region of 

higher temperature to one of lower temperature. A standard 
thermometer measures the temperature of a body with respect 
to an arbitrary point—usually 0 °C (or, in the USA, 32 °F) which 
is the temperature at which pure water freezes, or 0 K, that is, 

absolute zero or —273.15 °C. It is, however, not always 

convenient to measure the temperature with respect to these 
arbitrary points; many measurements are required to indicate 
the difference in temperature between two regions or bodies. 

This may be done with a differential thermometer such as the 

one described here. 


|p eae the differential thermometer con- 
sists of two sensors that convert temper- 
ature into potential, a differential amplifier 
that magnifies the difference between the two 
sensor output voltages; a display which in- 
dicates that difference, and twoswitching out- 
puts that may actuate a circuit orcircuitsif the 
difference exceeds a predetermined level. 


Differential amplifier 


The simplest differential amplifier is one de- 
signed around one opamp and a number of 
resistors. This is often expanded by two buffer 
opamps to obtain a higher input impedance, 
resulting in the familiar three-opamp differ- 
ential amplifier. However, the present de- 
signis based on atwo-opamp differential am- 
plifier—see Fig. 1. 

The input signals are applied to the non- 
inverting (—) inputs of the opamps to ensure 
a high circuit input impedance. The poten- 
tialat the inverting (+) input of the first opamp 
is U,,-U,/2, while that at the inverting input 
of the second opamp is U,,+U;/2, where U,,, 
isthe common-mode v oltage and U,is the dif- 
ference between the two sensor output volt- 
ages. The output voltage, //,, is calculated 


1 
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From this it is evident thal suppression of 
the common mode signal is an optimum if 
R,/R,=R;/ Ry. Anu deviations are amplified 
by a factor R,/ Ry. To obviate this, R; may con- 
sist of a fixed and a variable resistor so that 
the common mode rejection can be set to 
maximum. However, if matters such as the 
dynamic range of the amplifier and the tem- 
perature coefficient of the resistors are taken 
into account, it is better to make resistors 
R,-Ry equal. The term R,/ Rj is then 1 and, since 
allresistors change equally with temperature, 
the balance between R2/R,; and R,/R, is re- 
tained. 

The amplification of the difference signal 
may be adjusted with the value of R,. Itis clear 
from the foregoing formula that R) affects only 
the difference signal and not the common 
mode signal. This makes adjusting the am- 


fier. 


~ Fig. 1. Basic two-opamp differential ampli- 


plification, if needed, simpler. 

An incidental advantage of making the 
values of the resistors equal is that the formula 
for U, simplifies to 


U,=2(1+R,/ Ro) Ug, 


where R,,= R= R= Ra= Ry. 

A drawback of this type of differential 
amplifier, in contrast to the one-opamp and 
three-opamp types, is that the first opamp 
magnifies not only the signal, but also the com- 
mon-mode voltage. Assuming thet R,-R, are 
equal, the common-mode signal in the out- 
put, U), of the first opamp is amplified by a 
factor of x2. The level of U- is given by 

Uj=-(1+R,/ Rg) Ug+2U ay: 

The maximum drive to the second opamp 
must, of course, also be borne in mind. Suppose 
that the differential amplifier has an amplifi- 
cation of x10 fora maximum differential volt- 
age of +1 V. The ratio R,/ Ry is then 4 and the 
maximum output voltage is +10 V. Potential 
U.is+5 V+2U,,,. If the maximum output volt- 
age is equal to the maximum drive level (that 
is,~ supply voltage), the level of the common- 
mode voltage must not exceed +2.5 V to pre- 
vent the first opamp being overdriven. 


Supply/reference voltages 


The power supply for the thermometer, shown 
in Fig. 2, is fairly unusual in that the refer- 
ence voltage regulator is integrated in the 
display driver, although for clarity’s sake it 
is shown separate. 

The unregulated 8-15 V supply voltage 
is stabilized by the reference voltage source, 
which is preset with the aid of Rig and R., to 
give an output of 6.3 V. Since the differential 
amplifier requires a symmetrical supply, an 
articificial ‘earth’ is concocted with the aid 
of opamp IC), and resistorsR);~Rjz, Ry and 
Ry. This does not, of course, result in a true 


= 
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Fig. 2. The internal voltage regulator of the display driver is the source of all required 


supply voltages. 


symmetrical supply: the ‘earth’ potential is 
2.1 V above true earth and 4,2 V below the out- 
put level of the regulator. Raising the level 
of the positive voltage more than that of the 
negative voltage with respect to true earth 
increases the drive capability of the differ- 
ential amplifier. 


The supply voltage so created still cannot 
be used, however. This is because the output 
current of the regulator determines the cur- 
rent through the display LEDs. Since the cur- 
rent through each LED is about ten times as 
large as the output current of the regulator, 
the latter must not be too large and, moreover, 
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DIFFERENTIAL THERMOMETER 


must not vary much. For this reason, the reg- 
ulator action is ‘enhanced’ by transistor T). 
However, since the output voltage of the reg- 
ulator is also used as reference for the dis- 
play, T, is not in the feedback circuit. The 
transistor, therefore, cannot influence the 
quality of the regulator. It means, however, 
that the positive supply voltage for the dif- 
ferential amplifier is 3.6 V instead of 4.2 V it 
is no longer so well regulated, but this is of 
no consequence here. 

The reference voltage for the regulator is 
derived from potential divider Rj—Ryy. To en- 
sure that the display indicates the same mag- 
ntitude irrespective of whether the tempera- 
ture difference is positive or negative, the volt- 
age across the resistive divider in the dis- 
play driver (about 12 kQ) must be symmet- 
rical with respect to earth. This is arranged 
by using 100 kQ resistors, Ry, and R)-R, re- 
spectively, between earth and reference in- 
puts Ry and R,g of the display driver (note 
that the +input of IC;, is at ground poten- 
tial). The reason for using two resistors, Ry; 
and Ry instead of a single 100 kQ will be dis- 
cussed later on. 


Circuit description 


The temperature sensors in the prototype 
are Type 1N4148 diodes, D- and D, in Fig. 3. 
Silicon diodes are used because their threshold 
voltage hasa temperature coefficient of about 
2mV K~. The diodes are connected ina bridge 
circuit that, when their temperature is the 
same, is balanced by P). 

The signals from the sensors are applied 
to differential amplifiers IC,, and IC;, via 
low-pass filters RC, and R,,-C, respectively. 


> 
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TEST & MEASUREMENT 


The output of the amplifier is fed to ICy, 
which, with the aid of P;, corrects the offset 
of the amplifier. The signal at the output of 
IC,, is then suitable as input for display 
driver IC,. 

The driver has two switching outputs, of 
which one operates when the positive peak 
is reached, and the other when the negative 
maximum is about to be exceeded. 

In the case of positive levels, as soon as 
D, has been switched on by the driver, T: 
willalso be on, This transistor in turn switches 
on T,, resulting in the load (relay) being switched 
on. In the case of negative levels, the input 
voltage to IC, is compared with the poten- 
tial at junction R.—Ry at which D); just goes 
out. When the measured temperature is suf- 
ficiently negative, the output of IC, goes low, 
whereupon D) lights, T; is switched off, and 
T; is switched on, so that the associated load 
(relay)is switched on. 

The relays are shunted by free-wheeling 
diodes D,, and Dx. If relays are not required, 
terminals Land H may be interlinked to form 
a wired-OR connection. 

The circuit without relays draws a cur- 
rent of about 30 mA from an 8-15 V supply; 
when either of the relays is switched on, the 
current increases to well over 400 mA. If the 
thermometer is not used constantly, a 9 V 
PP3 battery may be used as supply. 


Construction and calibration 


The thermometer is best constructed on the 
printed-circuit board shown in Fig. 4. Sensors 
D. and D, may be linked to it via a cable up 
to 1 m(3 ft) long. The diodes may be replaced 
by transistors, for instance, Types BC107 and 
BC547, whose base and collector are linked 
together: the base-emitter diode serves as 
the sensor. 


The brightness of D:,; may be somewhat 
less than that of the other LEDs; this may be 
rectified by varying the value of R» by trial 
and error. 

Before the circuit can be calibrated, both 
sensors must be at the same temperature and 
all potentiometers set to the centre of their 
travel. 

Connect a high-impedance voltmeter be- 
tween the anodes of D, and D;, and adjust P- 
for zero reading (no LED lights). Next, ad- 
just P, until the centre LED (D,) just lights. The 
magnification of the differential amplifier is 
then x185 (gain=45 dB). Assuming a tem- 
perature coefficient of 2m¥V °C" and aninput 
sensitivity of the display of 88.8 mV per LED, 
the overall sensitivity is about 0.25 °C per LED 
(88.8 /2x185). 

If greater precision ora different scale is re- 
quired, the two sensors should be kept at the 


Fig. 4. Printed circuit board for the differential thermometer. 


desired temperature difference and P, adjusted 
until D,; just lights. Another method is to 
multiply the maximum temperature differ- 
ence by 2 and take the result as a voltage in 
mV. With a voltmeter between the anodes of 
D. and D,, adjust P, until the meter indicates 
that voltage. Next, adjust P; until Dj just 
lights and readjust P, for zero reading of the 
meter. a 


[PARTS LIST 


Resistors: 

R1, R2= 1:8 kQ i 
RG, R14, R16 = 100 ka 
R4-R7 = 47.5 kO 

R8 = 3900 
R9-R11, R15 = 47 kQ 

R12, R13, R21 = 22 kQ 
R17 = 76.8 kO 

RiB=1kQ 

R19; R31 =3.9kQ 
R20 = 23.2 kQ 
R22 = 680 2 

R23 = 100 Q 

R24 = 18 kQ 
R26, R26 = 5,6 kQ 
R27 = 2.2 MQ 

R28, A29, R32 = 68 kQ 
R30 = 12 kQ ae 

P1 = 1 kQ preset, horizontal 
P2 = 250 Q preset, horizontal 
P3 = 10 kQ preset, horizontal 


C1 = 10 uF, 16 V, radial 
C2 = 100 pF, 16 V, radial 
3, C7, C8 = 100 nF 
C4, C6 = 470 nF 

C5 = 330 nF 
C9 = 10 pF, 25 V, radial 


D1, D2, 014, D15 = 1N4148 

DS, D4, Di2, 013 = LED, 3 mm, red 
D5, D6, D10, Di mz LED, 3 mm, 4 ahead 
-D7-D9 = LED, 3mm, green _ Uae 
Ti, 3 = BC547C : eae | 
12=BC657B. we 

14,15=BC517 
IC1 =LM3914 © 
IC2, 1C3 = TLC272 
14 = TLC271 
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THE WHEATSTONE BRIDGE 


Any time a device produces a 
resistance (or resistance 
change) as the transducible 
property for a measurement, 
we can use the Wheatstone 
bridge to make the measure- 
ment easier. The bridge is 
probably the most common 
form of resistive sensor cir- 
cuit. 


By Joseph J. Carr 


ANY scnsors used in electronic in- 

struments use electrical resistance as 
the transducible property. For example, a 
thermistor produces a resistance that is a 
function of the applied temperature. Strain 
gauges are wire or semiconductor ele- 
ments that change resistance when de- 
formed in either tension or compression; 
this phenomenon is called piezoresistiv- 
ity, and forms the basis for a wide range 
of pressure sensors and other instruments. 
Photoresistors produce a resistance that is 
inversely proportional to the applied light 
level. All these resistive sensors can be 
accuratcly measured with the aid of the 
Wheatstone bridge. 


Bridge circuits 


Before any resistive sensor can be useful, 
it must be connected into a circuit that 
will convert its resistance changes into a 
current or voltage output; most applica- 
lions are voltage output circuits. Figure | 
shows several popular forms of circuit. 
The circuit in Fig. la is both the simplest 
and least useful (although not useless); it 
is sometimes called the ‘half-bridge’ cir- 
cuit, or ‘voltage divider’ circuit. The sen- 
sor element of resistance R is placed in 
series with a fixed resistor, Ri, across a 
stable d.c. voltage, U,. The output volt- 
age, LU, is found from the standard voltage 
divider equation: 


_ UR 


fis _ 
R+RI 


(1) 


U', when the sensor Is at rest (i.e., nothing 


920101 -11 


(CCS). 


is stimulating the resistive element). 
When the element is stimulated, however, 
its resistance changes a small amount, AR, 
The output voltage in that case is: 


, _ U(REAR) 
“© (REAR)+RI 


Another form of half-bridge circuit is 
shown in Fig. 1b, but in this case the sen- 
sor element is connected in serics with a 
constant current source (CCS), which will 
maintain current / at a constant level re- 
gardless of changes in the strain gauge re- 
sistance. In this case, U,, = /(R + AR). The 
LM334 device is an example of a com- 
mercial CCS. 

Both of the half-bridge circuits suffer 
from a serious defect: output voltage U, 
will always be present regardless of the 
value of the force applied to the sensor. 
Ideally in any sensor system, the output 
voltage should be zero when the applied 
stimulus is zero, For example, when a gas 
pressure sensor is open to atmosphere, the 
gauge pressure is zero so the output volt- 
age should also be zcro. Secondly, the 
output voltage should be proportional to 
the value of the stimulus when the stimu- 
lus is not zero. A Wheatstone bridge cir- 
cuit has these propertics. We can use 
resistive sensors for all of the elements of 
the Wheatstone bridge, or just one. 

Figure 2a shows the basic circuit for 
the Wheatstone bridge: the circuits to fol- 
low are but variations on this theme. The 
bridge consists of four resistive arms (R1 
through R4), and an excitation voltage 
source, L/,. As can be seen in the redrawn 
circuit of Fig. 2b, the Wheatstone bridge is 
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reese 


Fig. 1. (a) Basic half-bridge circuit; (b) half-bridge circuit based on a constant current source 
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, _ U,R2 
 RIFR2 
while voltage divider R3/R4 produces 
voltage U3: 
U,R4 
R3+R4 
Each of these voltages is single-ended, 
i.e., it is unbalanced with respect to com- 
mon or ground, Output voltage LU’, is bal- 
anced with respect to common, and is the 
difference between each half-bridge volt- 
age: 


(3) 


I 
2 


(4) 


tia) 
~ Ri+R2 R3+R4 
(5) 


When U, = U5, and U, = 0, the bridge is 
balanced, and is said to be in the null con- 
dition. This state occurs when: 


Ri R3 

R2 R4 
Please note that the resistances need not 
be equal, only the ratio of the resistances 
in the two arms need be equal to establish 
the null condition. 

One also might notice that knowledge 
of three resistance values (say, RI, R2 and 
R3) implics knowledge of the fourth by 
calculation when the null condition is pre- 
sent. It is common practice to use fixed 
precision resistors for two elements (e.g., 
Rt and R3), and a calibrated variable re- 
sistor for the third resistor (e.g., R2), and 
then an unknown for the four-resistance 
branch. Such a system for measuring un- 
known resistances is shown in Fig. 2c. 

If R2 


(6) 


‘BK > ‘e Dlact 
value of Rx is inferred from: 


DESIGN IDEAS 
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Ry 
unknown 
resistance 


Fig. 2. (a) Standard Wheatstone bridge circuit; (b) circuit redrawn to show the two voltage dividers more clearly; (c) circuit for using a 
Wheatstone bridge to measure an unknown resistance; (d) alternate circuit for measuring unknown resistances. 


3 
R= R2R3 (7) 
Ri 
or, where RI = R3 (not a necessary condi- 
tion, but certainly convenient), Rx = R2. 

Another operating condition ts shown 
in Fig. 2d. This method uses a departure 
from null to indicate Rx. With switch S1 
open, resistor R2 is adjusted to null (i.e., 
U, = 0). Switch Si is then closed, causing 
Rx to shunt R4 to produce a new (lower) 
resistance for this arm of the bridge, and 
forcing U,, #0. The value of U, is an indi- 
cation of unknown Rx. 

Alternatively, switch St! can be an 
SPDT type that replaces Ra with Rx, 
rather than simply shunting (R4 Il Rx). 
This ‘departure from null’ is the basis for 
many sensor based instruments. 

Figure 3a shows a Wheatstone bridge 
circuit in which two resistive sensors 


(SGI and SG?) are used in two arms of the 
bridge, with fixed resistors Rl and R2 
forming the alternate arms of the bridge. 
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It is usually the case that SG! and SG2 are 
configured so that their actions oppose 
each other; that is, under stimulus, SG1 
will have resistance R+AR, and SG? will 
have resistance R-AR, or vice versa. 

One of the most lincar forms of sensor 
bridge is the circuit of Fig. 3b in which all 
four bridge arms contain resistive ele- 
ments. In most such sensors, all four 
strain gauge clements have the same resis- 
tance (R), which will usually be a value 
between 50 Q and 1000 2. 

The output from a Wheatstone bridge 
is the difference between the yoltages 
across the two half-bridges. We can calcu- 
late the output voltage for any of the stan- 
dard configurations from the equations 
given below (assuming all four bridges 
have nominally the same resistance, RK. 


One active element: 
_U,AR 
yo 4R 


(8) 
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Fig. 3. (a) Two-sensor bridge circuit; (b) four-sensor bridge circuit. 


calculate the output potential as follows: 
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(accurate to 5% if #< 0.1) 


Two active elements: 
_ U, AR 


a 
U, oF (9) 
Four active elements: 
U, AR 
U, =—— (10) 
R 
Where: 


U,, is the output potential in volts (V); 

U, is the excitation potential in volts (V); 
R is the resistance of all bridge arms; 

AR is the change in resistance in response 
to the applied stimulus. 


Sensor sensitivity 


The sensitivity factor (D) of a Wheatstone 
bridge sensor circuit relates the output 
voltage (U’,) to the applied stimulus value 
(Q) and excitation voltage. In most cases, 
the sensor maker will specify a number of 
microvolts (or millivolts) output potential 


per volt of excitation potential per unit of 


applied stimulus: 
® = Ui, / U. if Qo 


or, written another way: 


(11) 


(12) 


® is the sensor sensitivity (UW/U'./Q); 
U, is the output potential (V); 

U,, is the excitation potential (V); 

Q is one unit of applied stimulus. 


¥ 


—<s 


AZ 
Balance 
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Fig. 4. (a) Bridge balance potentiometer (R3) to compensate for circuit tolerances; (b) injection current method for balancing the bridge. 


U, =P, Qh (13) 


Equation (13) is the one that is most often 
used in circuit design, 


Example 

A certain fluid pressure sensor has a sen- 
sitivily (P) of 5 wV/U./T, which means 
that 5 microvolts output potential is gen- 
erated per volt of excitation potential per 
Torr of pressure’. Find the output poten- 
tial when the excitation potential (U’,) is 
+7.5 V, and the applied pressure is 
400 Torr. 

U,=@ULQ 


Suv 
U,= a) x 7.5V x 400Torr 


U, =(5X7.5x 400) LV = 15, 000LV 
(which is 0.015 V, or 15 m¥). 


Balancing and calibrating 
a bridge sensor 


Few, if any, Wheatstone bridge sensors 
meet the ideal condition in which all four 
bridge arms have exactly equal resis- 
tances at rest. In fact, the bridge resistance 
specified by the manufacturer is only a 
nominal value, and the actual value may 
vary quite a bit from the specified value. 
There will inevitably be an offset voltage 
(.e., U, is not zero when Q is zero). 
Figure 4 shows two circuits that will bal- 
ance the bridge when the stimulus is zero, 

In Fig. 4a the balancing potentiometer 
is placed between the excitation potential 
and one of the excitation nodes. The resis- 
tance balance of the potentiometer is var- 
ied between the two legs of the bridge, 
nullifying any differences between them. 
The potentiometer is usually a precision 
type with five to fifteen turns to cover the 
entire range. 

The 


Fig. 4b is to inject a balancing current (/) 
into the bridge circuit at one of its nodes. 
RI is adjusted, with the stimulus at zero, 
for zero output voltage. 

Another application for this type of cir- 
cuit is injecting an intentional offset po- 
tential. For example, on an electronic 
scale, one that uses a strain gauge to mea- 
sure weight, such a circuit is used to ad- 
just for the ‘tare weight’ of the scale, 
which is the sum of the platform and all 
other weights acting on the sensor when 
nobody is standing on the scale. This is 
also sometimes called ‘empty weight 
compensation’. 


Calibration of a bridge 
sensor 


Calibration can be accomplished either 
the hard way, or the easy (and less accu- 
rate) way. The hard way is to set the sen- 
sor up in a system and apply the stimulus. 
The stimulus is measured and the result is 
compared with the sensor output. For ex- 
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ample, if you are testing a pressure sensor, 
connect a manometer (pressure measuring 
device containing a column of mercury), 
pressurize the system, and then measure 
the pressure directly. The result is com- 
pared with the sensor output. Similarly, 
temperature sensors can be exposed to a 
known temperature, and the bridge output 
noted. All sensors should be tested in this 
manner initially when placed in service 
and then periodically thereafter. 

The easy (and less accurate) way is to 
connect a calibrating resistor in parallel 
with one leg of the bridge (R3 in Fig. 4b) 
to create an offset that is equal to some 
standard stimulus. A “CAL” switch (S1) 
will insert the resistor in the circuit, un- 
balancing the bridge an amount &, when- 
ever a quick calibration or test is needed. 


Output display devices 


The output of the Wheatstone bridge is a 
differential voltage, U,, that is propor- 
tional to the unbalance of the bridge. This 


DE MICRBANPES: 


Fig. 5. (a) Analog current meter movement used as a bridge circuit display device; (b) zero- 


DESIGN IDEAS 
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Wheatstone 


Fig. 6. DC differential bridge amplifier circuit. 


voltage can be cither positive or negative, 
depending on the direction of unbalance. 
In many cases, the output of the bridge 
will be displayed on an analogue or digital 
voltmeter, an oscilloscope or a strip-chart 
recorder. 

It is also possible to use a current meter 
for the output display, as shown in Fig. 5a. 
The meter, M1, is connected between the 
output nodes across which U, appears. 
This meter is usually a milliammeter or 
microammeter (Fig. 5b), depending on the 
best sensitivity required. 

It is not strictly necessary to insert the 
sensitivity control (R5) in series with the 
meter, but it is highly recommended if the 
unbalance is large and the meter has a low 
current range. Large displacements of the 
bridge could generate sufficient current to 
damage the meter. It is common practice 
to initially set R5 to maximum, or near 
maximum, resistance, and then reduce its 
resistance as the bridge nears the null con- 
dition. A few commercial resistance mea- 
suring bridges place a switch in shunt 
with Rs in order to remove it from the cir- 
cuit when the bridge is close to null. 


Bridge amplifier circuit 


The output potential of most bridges (U',, 
in Fig. 6a) is a very small voltage that, tor 
many applications, must be amplified for 
practical use. The Wheatstone bridge is a 
balanced device, so a differential ampli- 
fier is needed to amplify U,. The ampli- 
fier circuit uses an operational amplifier 
(A1) in the d.c. differential amplifier con- 
figuration. In this type of circuit, RI = R2 
and R3 = R4, in order to maintain balance, 
and the voltage gain is: 


_R3 


(14) 
RI 


y 


at least ten times the source resistance of 
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the bridge. If all arms of the bridge are 
equal, then the source resistance is the 
value of any one arm of the bridge. 

The excitation voltage in Fig. 6a is sup- 
plied by an [C voltage regulator. Separate 
regulation is needed because variations in 
the power supply voltage are transmitted 
to the bridge, and reflected as changes in 
the output voltage. In the case shown, the 
voltage for the bridge is +5 V, so a 7805 
regulator is used. In general, the excita- 
tion voltage for typical bridges is low in 
order to prevent self-heating of the sen- 
sors, so a 7805 is a reasonable general se- 
lection. 

In many cases, the output of the bridge 


outside inside 


is so small that it is difficult to transmit 
for any length in a wire or cable. In those 
cases, it is sometimes prudent to install a 
preamplifier on the body of the sensor. I 
constructed such a preamp for the user of 
a Grass Type FT-3 gram-torce transducer, 
which is based on the Wheatstone bridge 
circuit that uses strain gauge elements as 
the arms. The output signal tends to be 
100 pV, or so, at full scale. In order to 
overcome interfering hum from the 60 Hz 
power mains, I built a gain-of-100 d.c. 
differential amplifier (making the output 
voltage 10 mV rather than 100 WV) inside 
a small metal box that interfaced with the 
mating connector. 


Applications of bridges: 
circuits that you can build 


The Wheatstone bridge can be used in a 
wide variety of applications circuits, only 
a few of which can be covered here. The 
purpose of the circuits below is to stimu- 
late thinking into these and other applica- 
tions for which the same principles hold. 


Differential Thermometer 
A differential thermometer produces an 
output voltage that is proportional to the 
difference betwecn two temperatures. 
Uses for such thermometers include in- 
vestigations of thermal insulation effec- 
liveness; control of heating/cooling 
equipment based on temperature differ- 
ences; simple curiosity as you gaze 
through an iced window pane; and so 
forth. Figure 7 shows the circuit for such a 
thermometer based on thermistor sensors. 
The thermistor is a device that pro- 
duces a resistance value that is a function 


A1=CA-3140 
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Stable 
power 
supply 


Fig. 8. Photocolorimeter circuit. 


of temperature. Devices RT! and RT2 in 
Fig. 7 are identical thermistors, and are 
used in two opposing arms of a 
Wheatstone bridge circuit. Resistors R1 
and R2 form the other two arms of the 
bridge. The values for RI and R2 are not 
given because the convenient values de- 
pend on the specific thermistors being 
used. A rule-of-thumb is to make RI and 
R2 equal to each other, with a value ap- 
proximately the value of RT| and RT2 ata 
mid-range temperature. Balancing poten- 
tiometer R3 should have a value of 10 to 
20 percent of the value of RI and R2. 

As in the previous case, the bridge ex- 
citation source is a 7805 IC voltage regu- 
lator, which produces a regulated +5 V 
from the +12 V power supply. 

The input resistors to Al, the differen- 
tial amplifier, should be at least ten times 
the ‘looking back’ resistance of the 
bridge. Examination of thermistor cata- 
logues reveals that 10 kQ at 30 °C is a 
common value, so I set these resistors at 
ten times that value, or 100 kQ. The gain 
of ten was set for convenience, and re- 
quires | MQ resistors for Ro and R?. 
Depending on the thermistors used, and 
the output voltage required, it may be nec- 
essary to increase the gain of the amplifier 
(remember, R1 = R2, R6 = R?, and A, = 
R7/RS5 = Ro/R4). 


Photocolorimetry 

One of the most basic forms of instrument 
circuit is also both the oldest and most 
commonly used: — photocelorimeters. 
These devices are used for such applica- 
tions as measuring the oxygen content in 
blood, CO, content of air, water vapour 
content in a gas, blood electrolyte (Na and 
K) levels, and a host of other similar mea- 
surements. 

Photocolorimetry is basically a com- 
parison measurement technique in which 
light (or JR and UV depending on the pur- 
pose of the instrument) transmission over 
two paths is compared. Figure 8 shows the 


920101 -24 


basic circuit of the most clementary form 
of colorimeter. Although the circuit is 
very basic, this is the actual circuit used in 
a once widely-used medical blood oxygen 
meter. 

The basic circuit is the Wheatstone 
bridge, and it uses a pair of photoresistor 
cells (R2 and R4) as the light sensors. 
Potentiometer R5 in Fig. 8 is used as a 
bridge balance control, and it is adjusted 
for zero output (U, = 0) when the same 
light shines on both photoresistors. The 
output voltage from the bridge (U’,) will 
be zero when the two legs of the bridge 
are balanced. In other words, U’, is zero 
when R1i/R2 = R3/R4. It is not necessary 
for the resistor elements to be equal (al- 
though that is often the case), only that 
their resistance ratios be equal. Thus, a 
500 kQ/50 kQ ratio for R1/R2 will pro- 
duce zero output voltage when R3/R4 = 
100 kQ/10 kQ. 

The photoresistors are arranged such 
that light from a calibrated source illumi- 
nates both equally and fully, except when 
an intervening filter or sample is present 
in one or both pathways. Thus, the bridge 
can be nulled to zero using potentiometer 
Rs under this zero condition. In most in- 
struments that are based on this principle, 
a translucent sample is placed between the 
light source and one of the photocclls. The 
amount of transmission to light allowed 
by the sample is a measure of its optical 
density, and is thus a transducible prop- 
erty. Let us look at a couple of different 
types of instrument to see how this princi- 
ple is applied. 

(1). Blood O; Level. A once widely 
used method for measuring blood oxygen 
level is based on the basic colorimeter of 
Fig. 8. It works because the ‘redness’ of 
human blood ts a measure of ils oxygena- 
tion. This instrument is nulled with nei- 
ther standard filter cell nor blood in the 
light path; i.c., when white or red light 
shines on both cells. A standard colour 
800 nanometer? filter is introduced be- 
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tween the light source and R2, and a blood 
sample is placed in a standardized tube 
between the light source and R4. The de- 
gree of blood OQ, saturation in the sample 
is thus reflected by the difference in the 
bridge reading between the sample path 
and filter path. On one model oxygen 
meter, a separate resistor across the Ri/R2 
arm is used to bring the bridge back tnto 
null condition, and the dial for that resis- 
tor is calibrated in percent-O,. More mod- 
ern instruments based on digital computer 
techniques provide the measurement in a 
more automatic manner. 

(2). Respiratory CO, Level. The ex- 
haled air from humans is roughly 2 to 5 
percent carbon dioxide (CO ), while the 
percentage of CO, in normal room air is 
negligible. A popular form of “End Tidal 
CO, Meter’ is based on the fact that CO, 
absorbs infrared (IR) waves at three dis- 
crete wavelengths. The ‘light source’ in 
that type of photocolorimeter is actually 
either an IR LED or a Cal-Rod device 
(identical to the one that heats an electric 
coffee pot!); the photocells are selected 
for good IR response. In this type of in- 
strument, room air is passed through a 
glass cuvette placed between R2 and the 
heat source, while patient expiratory air 1s 
passed through the same type of cuvette 
placed between the heat source and Ra. 
The difference in IR transmission across 
the two paths is a function of the percent- 
age of CO; in the sample circuit, 

The associated electronics (not shown) 
will allow zero and maximum span (1.e., 
gain) adjustment. The zero point is ad- 
justed with room air in both cuvettes, 
while the maximum scale (usually 5% 
CO3) is adjusted with the sample cuvette 
purged of room air and replaced with a 
calibration gas (usually 5% CQ), 95% ni- 
trogen). This calibration gas must be ob- 
tained from a local supplier, and be 
specified as a calibration gas. Otherwise, 
the quantities may be only approximate. 
Also, be sure of the type of measurement: 
calibration gases are available by cither 
weight or volume. 


The uses of colorimeters do not end with 
the medical laboratory. The clue to look- 
ing for a transducible event is detection of 
either a density change, or an absorption 
differential to one or two wavelengths, 
that is a transducible function of the para- 
meter being measured; for example, IR is 
absorbed by CO;, and a certain O» satura- 
tion level passes light at 800 nm wave- 
length. 


Conclusion 


The Wheatstone bridge is simple to under- 
stand, simple to build, well behaved, and 
can form the basis for a very large variety 
of simple physical instruments that you 
can build. 


> 800 nm is the isobestic point wavelength at which oxygenated arterial blood and deoxygenated veinous blood have the same transmittyity, 
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DIGITAL AUDIO-VISUAL SYSTEM 


PART 1 (OF 4): SYSTEM OUTLINE AND DISSOLVE UNIT 


This is the first instalment of an article that describes a high- 
end slide control system based on a Centronics-driven 


dissolve unit for four slide projectors. The system allows up to 
16 projectors to be controlled automatically or by hand. Music 
or comment to accompany the slides can be synchronized with 
the aid of an advanced pulse or timecode registration unit. The 
timecode option enables you to record all control actions in a 


complete slide show, whereby all relevant data are safely 
stored, along with the parallel sound track. 


Design by A. Rietjens 


BOUT four years ago we published a 

computer-controlled slide fader for 
four projectors (Ref. 1). Together with a 
Centronics interface published a little later 
(Ref. 2), this fader allowed photography 
enthusiasts to put a computer in control of 
up to 16 slide projectors. The software 
written for this system was an MSX BASIC 
program with limited features, The de- 
signer of the slide fader, Albert Rietjens, a 
keen photographer and slide maker him- 
self, has used the intervening years since 
this ‘early’ publication to elaborate the 
basic system into what is presented here. 
The result is, we feel, definitely up to 


- ™ system £ —— 


more expensive commercial equipment 


FRONT COVER 
PROJECT 


(which appears to be few and far be- 
tween). In fact, the DiAV will cost you 
only about one fifth of any commercially 
available product with an equal set of fea- 
tures. 


The DiAV system 


The drawing in Fig. 1 presents an 
overview of the complete system to be de- 
scribed. The central block is formed by the 
DiAV main unit, which is based on the 
multi-purpose Z80 card (Ref. 3). The main 
unit is capable of controlling up to four 
dissolve units (slide control units, each 
Sit: rolling up to four projec- 


individual units 


a small keyboard that allows you to select 
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A tape recorder may be connected up 
into this system to add a music channel to 
the slide series. The tape recorder used for 
this purpose must have the possibility to 
record pulses that, on being played back, 
are converted into control signals for the 
projectors. This is the simple option. The 
more advanced is the timecode interface 
(Ref. 4), which is capable of reading from, 
and writing to, tape either one of two for- 
mats: a timecode signal or a ‘special code’ 
called Special Data Language, SDL. The 
SDL is recorded ‘in parallel’ with the 
sound track (music channel) to ensure ab- 
solute synchronicity. In addition to infor- 
mation about the course of the slide series, 
the SDL also contains all information on 
the current positions of the slide carriers in 
the projectors. This synchronization works 
so well that the system is capable of mov- 
ing the carriers in all projectors to the de- 
sired positions (1.e., slide) when the tape is 
started at any point in the series. Once 
running, the whole system is perfectly 
synchronized, and the slides appear in the 
programmed order from the new start 
point onwards. 

The main unit puts the user in general 
control over all sub-systems, and has a 
large number of options for its control. 
Those of you who have followed the arti- 
cles on the multi-purpose Z80 card know 
that this sports interfaces for a liquid crys- 
tal display (LCD), a PC-XT keyboard and 
an infra-red (IR) remote control receiver 
module. The keyboard and the IR link are 
the primary control elements of the main 
unit. The remote contro! is particularly 
useful for ‘quick and dirty’ control of the 
main unit, i.e., if you want to show a cou- 
ple of slides without bothering too much 
about special effects. Although the IR re- 
mote control can be used to enter all data, 
the PC-XT keyboard will be preferred 
whenever a ‘real’ serics is to be pro- 
grammed. 

Owners of an IBM PC or compatible 
may also control the main unit via the 
RS232 serial interface, or convey control 
programs written with a word processor 
from the PC to the DiAV, and vice versa. 

The main unit has a 32-kByte RAM disk 
(with battery backup) to hold the program 
that describes the slide series. This pro- 
gram can also be read back for editing on 
the PC. The RAM allows up to 32 series to 
be stored, or fewer if the series are rela- 
tively large (the average series will com- 
prise something like 100 slides, and 
consume a RAM space of about } kByte). 


those basic functions that ‘save’ you when 
you have forgotten the remote control, or 
when the batteries are flat. 


The electronics 


The complete DiAV is a combination of a 
number of building blocks published ear- 
lier in Elektor Electronics (see references). 
However, since the original slide control 
unit goes back four years, we thought it fit 
to design a new interface for it, taking into 
account everything we have learned in the 
mean time about its practical use. 
Fortunately, this does not mean that con- 
structors of the ‘old’ interface have an- 
other piece of equipment to forfeit. The 
‘new’ interface is compatible with the ‘old’ 
one, provided the latter is controlled via 
the Centronics interface developed for it. 
Those of you who have a fully-fledged 
slide control plus Centronics interface 
may, therefore, skip the following sections 
on function and construction. Note, how- 
ever, that the ‘new’ interface has a number 
of extras and improvements. Also, its 
‘package’ is stylish, neat and attractive 
looking — see the introductory photo- 
graph. 


The dissolve unit 


The block diagram of the new dissolve 
unit is given in Fig. 2. The most conspicu- 
ous feature of this unit is that it is con- 
trolled by a microprocessor rather than by 
discrete electronics. Here, using a micro- 
controller allows us to cut down drasti- 
cally on external components. The circuit 
may be controlled via a Centronics inter- 
face, which is available on most, if not all, 
PCs. Note, however, that the computer is 
required only if you do not use the Z80 
main unit, or if you wish to write your 
own system software. 

The control signals supplied by the PC 
are passed to another dissolve unit (if 
used) via a Centronics connector. In addi- 
tion to a Centronics input, the interface 
also has an I?C connection. This is reserved 
for future applications, and not imple- 
mented in the current control software. 

To enable the processor to control the 
brightness of the projector lamps directly, 
it must know when the zero crossing of 
the mains voltage occurs. This information 
is supplied by a zero-crossing detector in- 
corporated in the power supply. The zero- 
crossing detector is common to. all 
projector lamps, which means that the dis- 
solve unit and all projectors must be pow- 
ered from the same mains outlet (via an 
approved distribution block), Note that 
this is not essential in the UK because ina 
ring circuit all outlets have the zero cross- 
ing simultaneously. The processor uses 
the zero-crossing information and the 
commands received via the inputs to 
arrange the brightness of the individual 


tween projectors. It can do so via the ‘pro- 
J Pp 
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Dissolve unit 
e@ Microcontroller-driven 


@ No special ICs except microcontroller 


ZA\\W a slide control system with 


@ interface compatible with slide controller ( 
@ Transistor drivers for carrier solenoids - 


Main unit 


@ Controlled by multi-purpose Z8O0 card 
@ Stand-alone system; independent of compute 


r type 


@ Operated via infra-red remote control or via PX-XT keyboard 


@ Battery back-up 
@ Memory for up to 32 slide series 


@ RS232 interface for PC control and program ex 


@ Direct synchronization by pulse control (connects straight to ITT. recorder 


for slide control) 


Main unit in combination with timecode interface 


@ Full tape synchronization possible 
@ Uses timecode for synchronization 


@ Slide series program editing using timecode 
@ Perfectly timed slide changes (accuracy: 10 ms) 


Overall performance comparable to £1250+ systems. 


jector control’ blocks shown in Fig. 2. 

In principle, the functions described so 
far would suffice for the target system, be- 
cause they allow us to do all we want: con- 
trol lamp brightness, and change slides on 
any of the connected projectors. The 
processor, however, also allows us to con- 
trol a display that indicates the slide posi- 
tions in the carriers, the lamp brightness, 
and the ‘slide change’ function. These 
functions are controlled via the count dis- 


LIQUID CRYSTAL DISPLAY 


MINI KEYBOARD 
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CONTROL 
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Fig. 1. This block diagram provides an overview of the complete DiAV system. 


play block and the lamp indicator block, 
respectively. 


About the projectors 


Before discussing the electrical schematic, 
we have a look inside a typical slide pro- 
jector. The crucial part is shown in Fig. 3. 
Broadly speaking, projectors can be di- 
vided into two classes: types with one-but- 
ton control, and types with two-button 


DIAV 
TIMECODE 
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control. With one-button projectors, the 
forward of reverse direction of the slide 
carrier is determined by the time the but- 
ton is pressed. By contrast, the two-button 
type has one button for each direction. The 
buttons cause electromagnets (solenoids) 
to be energized that, in turn, cause the 
slide carrier to move forward or reverse 
(or turn accordingly in the case of a 
carousel carrier), The electromagnets are 
powered by a direct voltage which is de- 
rived from the secondary of the mains 
transformer fitted in the projector. 

The electromagnets are usually shunted 
by back-e.m.f. suppressor diodes. In some 
older projectors, these diodes are not pre- 
sent, and must be retro-fitted to enable the 
proposed projector control to function 
properly. 

Figure 3 also shows the triac as it is 
wired in projectors with a straight slide 
carrier, By contrast, the triac is connected 
externally to most professional ‘carousel 
carrier’ projectors we have seen so far. 


Dissolve unit electronics 


The central parts in the circuit diagram of 
the dissolve unit (Fig. 4) are a microcon- 
troller ([C3), an address latch (IC4) and an 
EPROM (ICs) that contains the necessary 
software. The microcontroller is a 16-MHz 
80C32,. Apart from the EPROM, the con- 
troller addresses a number of buffers with 
specific functions: IC? to read the 
Centronics input; ICs to set the slide car- 
rier control; and ICs-ICi0 to control the 
display functions. All these ICs are ad- 
dressed via [C15a. 


7 nector Ki, which is ‘looped through’ to the 


"Fig. 3. Block diagram of the dissolve unit. 


Centronics output, K2, via 1C12 and ICs. 
This means that all series-connected units 
receive the same data. Each new databyte 
is latched in [Ce at the end of the strobe 
pulse, whereupon it can be read via IC7. At 
the same time, bistable [C13a is set, which 
produces a high signal on the BUSY line of 
Ki. ICi2d passes the busy signal(s) from 
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CENTRONICS 
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COUNT 
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CONTROL 


LAMP 
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ZERO CROSSING 


any further unit(s). This enables all units 
to evaluate the received data. The Q\ out- 
put of IC13a (pin 6) triggers the INT1 inter- 
rupt input of the processor, so that the 
received data can be processed immedi- 
ately. Switches 1 and 2 of S1 determine 
which bank of four projectors is controlled 
(see Table 1). 

As already mentioned, the [°C interface 
is not supported by the current software 
version, It is, however, used for a simple 
manual control that allows two, three or 
four projectors to be controlled, with a 
variable overflow time between 0 s and 
10s, in steps of 1 s (see also Table 1). 


Power supply 


The circuit is powered from an alternating 
voltage source to enable the zero-crossings 
of the mains voltage to be detected (this is 
necessary for the lamp dimmers). Figure 5 
shows the timing relevant to the triac gate 
triggering. The signal numbers refer to the 
test points in the circuit diagram of the 
dissolve unit, Fig. 4. 

The alternating voltage applied to J1 is 
rectified by Ds-Ds. The smoothing, how- 
ever, does not take place until ‘behind’ Do. 
The anode of D9 carries signal ‘1’, which 
enables components R20, R28, D34, T13 and 
ICi2a to detect the zero-crossings (signal 
‘2'). When the voltage drops below the 
threshold voltage of D34 plus the voltage 
across the base-emitter diode of T13, this 
transistor will stop conducting, so that the 
collector voltage swings high. This high 
level is fed to the processor via buffer 


PROJECTOR 
CONTROL 


PROJECTOR 
CONTROL 


PROJECTOR 
CONTROL 


PROJECTOR 
CONTROL 
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‘depends on the d 


ICiza. To enable a minimum brightness 
level to be set, this signal is also applied to 
[Citb, a monostable multivibrator (MMY). 
The negative (falling) edge at pin 9 trig- 
gers the MMV, which responds by gener- 
ating a pulse that starts at the end of the 
zero-crossing, and lasts until just before 
the next zero-crossing. A preset, Pt, deter- 
mines how far the end of the pulse is re- 
moved from the new zero-crossing. The 
processor will fire the triac from the end of 
the pulse to the next zero-crossing, which 
sets up a minimum brightness level (sig- 
nal 4a). This setting ensures that the lamp 
filament can never go ‘cold’ between two 
successive overflow actions. This enables 
the lamp to light up quickly from ‘off’ to 
the desired brightness. Signals 4b and 4c 
in Fig. 5 show the gate control with a 
partly dimmed lamp, and one that lights at 
full intensity, respectively. 

Next, let us have a look at the four iden- 
tical projector control circuits. The func- 
tions of the previously mentioned 
push-buttons on the projector controls are 
taken over by combinations of an optocou- 
pler and a transistor. The operation of this 
interface can be explained by reverting for 
a moment to the internal diagram of the 
projector. The common connection of the 
forward /reverse buttons is connected to 
the highest direct voltage in the projector. 
When, for instance, Ri is connected to 
ground, optocoupler [Cla sends base cur- 
rent into T1, and so causes the relevant 
electromagnet in the projector to be ener- 
gized. The need for a suppressor diode 
across the electromagnet coil is evident: 
without it, the back-e.m.f. produced when 
a coil is switched off would very likely de- 
stroy the relevant driver transistor. 

If jumper JP1 is closed (fitted) at power- 
on, the interface will control the projectors 
as if they were ‘one-button’ types, and 
control the relevant transistor connected 
to pin 2 of K9-Ki2 such that the slide car- 
rier moves in the desired direction. This 
setting may be changed, via the control, 
while the unit is in use. 

The second function to be controlled in 
each projector is the lamp intensity, or, in 
other words, the triac. This is achieved 
with the aid of T3 (Ts, Te and T12 have 
identical functions). When the circuit is 
connected to the projectors, the anode ter- 
minal, Al, of the triac is connected to 
ground, while resistor R5 is connected to 
the gate terminal, By making T3 conduct, a 
gate current is established for the triac, 
which fires. When the gate current is inter- 
rupted, the triac stops conducting. In this 
way, the lamp brightness is controlled by 
means of the phase angle, as already illus- 
trated in Fig. 5. The gate driver transistors 
are controlled directly by the microproces- 
sor. This is achieved by resetting an inter- 
nal counter at the end of every 
zero-crossing, and then enabling the 
counter again. Next, the contents are com- 
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Fig. 3. Typical lamp/solenoid circuit in one-button and two-button slide projectors. Mind you: 


the triac is not fitted in all projectors! 


Function 


Bank 1: projector 1-4 
Bank 2: projector 5-8 
Bank 3: projector 912 
Bank 4: projector 13-16 


2 projectors in manual mode 
2 projectors in manual mode 
3 projectors in manual mode 
4 projectors in manual mode 


Table 1. 


Switches S$1-1 and S1-2 set the dissolve unit bank selection, while switches $1-3 


and S1-4 set the number of projectors when manual control is used. 


the counter state exceeds the preset value, 
a pulse train is sent to the triac gate. This 
train lasts until the next zero-crossing oc- 
curs. A simple filter, R3-C1, is fitted to pre- 
vent excessive ‘pollution’ of the dissolve 
unit power supply voltage. The projector 
connections of all four projectors are gath- 
ered on K7, from where a length of flatca- 
ble takes them to Ki3. This connector, in 
turn, is wired to DIN connectors for the 
four individual projectors. 


The display 


The display consists of two parts: a 
counter display (eight 7-segment displays) 
and the lamp display (24 LEDs). Both dis- 
plays are multiplexed in a simple way by 
software that varies the data applied to IC9 
and IC10. In both cases, the addressed dis- 
play section is determined by a part of the 


‘ICs, anc 
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5 and Dé on IC 10). Ade ; 


coder IC is used to produce numbers on 
the display. The decoder converts a 4-bit 
number into a 7-segment code. The re- 
maining bit, D7, is used to drive the deci- 
mal point. 

LEDs Dis, D1, D27 and D33 indicate the 
slide changing operations, while the re- 
maining LEDs indicate the set lamp 
brightness. 

A switch, 53, on the main board allows 
the display to be switched to a lower in- 
tensity in case the light it emits is distract- 
ing (in the dark, during a slide show). 


The control protocol 


Those of you who wish to build the com- 
plete DiAV system can make use of the ex- 
tensive control software developed for it. 
Alternatively, you may wish to have a go 
at producing your own control software, 


know the programming details of the 
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Centronics interface or the manual control. 

As already mentioned, the present dis- 
solve unit uses the same protocol as the 
Centronics interface described in Ref. 2. A 
control cycle consists, in principle, of two 
databytes sent one after another: the pro- 
jector control byte and the databyte 
proper. The first selects the desired projec- 
tors and the associated bank of four pro- 
jectors, while the databyte determines the 
way the selected projectors are controlled. 
The functions of the bits in the projector 
control byte and the projector databyte are 
given in Tables 2 and 3. 

A projector control byte always has two 
‘ones’ in the two highest bit positions. In 
the databyte, these positions form separate 
indicators for the carrier forward /reverse 
control. The remaining six bits in the data- 
byte determine the lamp brightness in the 
selected projector. The bank selection bits 
in the projector control byte must match 
the settings of switches S1 and S2 for the 
selected unit to be addressed. In principle, 
it is possible to select all four projectors in 
a control byte, after which only one data- 
byte is required to issue the same com- 
mand to all four projectors. This can be 
done without problems when the ‘old’ 
Centronics interface is used. The present 
interface, however, responds differently: 
on receiving a 4-projector selection word 
(control byte 1100 00xx), it switches the 
dissolve unit to its set-up (initialization) 
mode. If the command is followed by a 
databyte ‘0’, the four projectors will not 
only have their lamps dimmed com- 
pletely, but the display is reset also. Next, 
a number of settings can be selected. The 
set-up mode is left on receipt of a carriage 
return (ODH) or a line feed (OAH) com- 
mand. Table 4 shows an overview of the 
set-up options. 


control word ID — 


0 selects projector 4 


Table 2. Bit functions in the projector con- 
trol byte. 
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The listing in Fig. 6 is an example of a 
simple BASIC program containing 
LPRINT statements to control the dissolve 
unit. Note the use of the semicolon (;) after 
each control byte. If you forget this charac- 
ter, the CR/LF sequence that follows it is 
taken to be a databyte. The semicolon is 
not required after databytes, because the 
projector selection is reset after each data- 
byte. Just for the sake of completeness, 
Fig. 7 shows the wiring of the Centronics 
cable between the PC and the dissolve 
unit. 

The manual control is connected to one 
of the PC inputs as shown in Fig. 14. 
Switches S4 and 55 select between forward 
or reverse overflow respectively, or, after 
pressing Se, between lengthening or short- 
ening the overflow time. 
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Connecting the projectors 
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It was already mentioned that some pro- 
| | | | | | | f jectors have an internal triac to control the 
TT | 


, 
' 
1 
' 
! 
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lamp brightness, while others require the 
triac to be connected as an external part. 
Those of you who feel less confident about 
modifying the electrics of the slide projec- 
tor are best off with an ‘internal triac’ type 
Fig. 5. Timing diagrams to illustrate the relation between the zero-crossings and the gate of projector. In case such a projector is not 
control signal. available, there is no other option than to 


‘ ' 
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~~ Fig. 6. A-simple BASIC program to get you started with the dissolve unit. The projectors used (here: 1 to 4) are identified in line 50. 
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tem. On the projector, the overflow or AV — the 6-way DIN and the 10-way DIN ver- 
socket is usually marked by two small tri- sions. 

angles (see Fig. 9). Figure 10 shows the Projectors with an RTG22 connecior re- 
construction of the connecting cable for quire a separate triac module to be made. 


@ 


COMMON 


FORWARD 
CHANGE 


REVERSE 1 3 FORWARD 


2 REVERSE 
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Fig. 8. Overview of the most commonly used slide projector connection systems. Figure 8a 
shows the 6-way version which is also used for the DiAV. In addition to this connection, you 
may also come across 10-way DIN (8b) and 12-way RTG22 (8c) versions (the latter nearly al- 
ways on carousel type projectors). 


920022 - I - 


Fig. 7. Overview of connections between the 
PC's Centronics output and the dissolve 
unit. 


reset display and gate triggering 
single button projectors: 

change on pin 2 of K9-K11 

double button projectors: 

forward change on pin 2 of K9-K11 
reverse change on pin 1 of K9-K11 
S3 switches display on/off 

S3 switches between high and 
low intensity ; 

set display high intensity 

set display low intensity 

lamp indicator as linear bar 

lamp indicator as centred bar 

- Fig. 9. Showing the AV (audio-visual) legend on projectors with an internal triac. 
setup end 

setup end 


et a: 
‘Cd piladaiaiaeliiaaiaieS 


Table 4. These setup comands can be is- 
sued to the dissolve unit after sending a 


setup control byte (1100 00xx). @) ©) pine/240 


DIN6/240 DIN6/240 male 
male male 


install the triac yourself as an upgrade to 
the projector. Here, we show you how to 
do this — it is not very difficult. 
Unfortunately, there is a hardware 
compatibility problem to begin with: man- 
ufacturers of slide projectors use different 
connectors for the triac control input. 
Figure 8 shows the three most commonly 
found connector types. Still other connec- 
tors and pin assignments exist, so you are 
well advised_to_consult_the user_manual 


Fig. 10. Construction of the connecting cables. 


DIN connector (Fig. 8a) is used for our sys- 
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DIN6/240 
female 


Fig. 11. Those of you who wish to make use 
of a carousel slide projector will have to con- 
nect the triac as an external module, The 
necessary parts and connections are shown 
here. 


Fig. 12. Illustrating the internal triac up- 
grade. The triac is fitted as close as possible 
to the fan to ensure it is adequately cooled. 


solder side 
view 


920022 - | - 20 


Fig. 13. Construct this simple connecting 
cable if you wish to use the dissolve unit as 
an independent control for your slide projec- 


= — a 


interface on the unit. 


Fig. 14. This photograph illustrates how the triac module is constructed. Do not forget to fit 
the triac with a thermal insulation set. 


This module is connected via a 6-to-6-way 
cable as illustrated in Fig. 11. The module 
is a small diecast aluminium case drilled 
to accept the connectors, the triac and a 
heat-sink. Its construction is illustrated in 
Fig. 14. In view of the high currents (up to 
10 A), the Al and A2 terminals of the triac 
should be connected with short lengths of 
fairly thick wires (1.5 mm? or SWGI17). 
Bend the anode terminals around the wire 
ends before soldering, so that the junction 
can never come loose even when very high 
temperatures are reached. 

So far, we have assumed that the triac is 
contained in the projector. However, this 
is not usually the case with inexpensive 
projectors, which must be upgraded. If 
you do so, stick to one of the connection 
diagrams shown in Fig. 8, preferably 8a or 
8b. The reason is obvious: compatibility! 
Mount the triac on a small heat-sink, close 
by the fan (see Fig. 12). Do not forget to 
use an insulating washer and mounting 
bush. For 150-W projectors, use a TIC236 
triac, or a TIC263 for 250-W types. The 
triac may be tested by connecting its gate 
terminal to the 24-V a.c. source via a 1-kQ 
resistor, whereupon the lamp should light. 


To be continued... 


This is the first of four instalments. The 
next instalment will discuss the construc- 
tion and testing of the dissolve unit. Also, 
details will be given on the use of the 
multi-purpose Z80 card as the main unit in 
the DiAV system. For this purpose, some 


Although the DiAV is a modular sys- 
tem, some of you may want to built it as a 
self-contained, compact unit. Part 3 of this 
article series will, therefore, show how the 
timecode interface, the main unit and one 
dissolve unit may be fitted into a single 
enclosure. 

The last part of the article will describe 
the software and the user options created 


in the system. cj 
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ELEKTOR ELECTRONICS NOVEMBER 1992 i 
H 


§ 


UNDERSTANDING POWER FACTOR COMPENSATION 


he high consumption of elec- 
trical energy, prompting fears 
of exhausting traditional fuels 
used by power generating plants, 


transmission 
lines 


power 
station 


By Dr K. A. Nigim 


has paved the way for new strate- 
gies in improving the quality 
and efficiency of existing gen- 
erating stations. One of the suc- 


920168-11 


inductive 


load 
SINESO 600mH 


920168 - 13 


cessfully adopted strategies is 
power factor compensation, 


What does power 


factor mean? 


Consider the case of two houses 
located in Energy Lane. Each of 
them consumes 1000 W of use- 
ful power from the mains supply. 

The first house, owned by Mr 
and Mrs W, consumes 4.17 A at 
240 V, The useful oractive power, 
P, delivered to their total load is 


P=voltage x current X power 
factor, 


where the power factor Is co- 
sine g, in which ¢ is the angle 
between the voltage and current 
waveforms across the load—see 
Fig. |, Clearly, the W family is 


inductive 
load 
600mH 


P 
correction 
capacitor 
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13,2) inmA 


UGiny 
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consuming power at unity power 
factor (6=0). Electrically speak- 
ing, their home is nonreactive. 
Electrical engineers give the term 
nonreactive toa load in which the 
phase difference between the volt- 
age and current is 0. If an angle 
o exists between these quanti- 
ties in either a positive or nega- 
tive direction, the load is termed 
capacitive (leading power factor) 
or inductive Jagging power fac- 
tor) respectively. 

The second house, owned by 
Mrand Mrs VAR, consumes 8.33 A 
at 240 V, giving a power factor 
of 0.5 (=45°). Electrically speak- 
ing, their house is of areactive na- 
ture, 

This comparison between the 
two houses shows that a low power 
factor means that there is a higher 
current flowing into the VAR house, 
which causes an increase In cop- 
per losses anda greater likelihood 
of blown fuses (overload). 

Generating companies are com- 
mitted to supplying both reac- 
tive and nonreactive loads. They 
are, therefore, faced with the fol- 
lowing practical problems caused 
by the low power factor in the 
VAR’s load. 


* Reduced plant capacity and ef- 
ficiency owing to overloaded 
cables and transformers. 

* Increased transmission cable 
losses. 

* A lower voltage level owing 
to the high losses; this in turn 
affects almostall types of load, 
particularly electric motors 
(lower efficiency). 


If the generating companies 
function with low power factors, 
the plant generators and distri- 
bution lines are overloaded un- 
necessarily by all families VAR, 
and this causes high fuel con- 
sumption and requires larger gen- 
erators, transformers, switch gear 
and heavier transmission lines. 

Supply authorities do all they 
can to improve the power fac- 


cial machines, or by the use of 
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tariffs that encourage consumers 
to do so. 


What causes a low 


power factor? bina 
Inductive loads, such as motors, 
transformers, induction furnaces, 
motor speed controllers, welding 
equipment and fluorescent lights 
require for their operation two 
kinds of current. 


inductive 
load 
600mH 
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« A magnetizing current to es- 


tablish the necessary magnetic teil“ ae ee ee sunahy oe 
. o . SU It: 3 
medium (flux). Without the agp wale 
tne ~ 3.0 os | finducior — + — 
flux, electric energy cannot be sam 


transferred through the core of -+ f-'-_J 
transformers or across the air 
gap of motors. Industrial mo- 
tors and transformers draw 
the magnetic energy from the 
power lines, thereby causing 
a delay between current and 
voltage owing to their induc- 
tive nature. The power deliv- 
ered tothe load is known as re- 
active power, Q, which is ex- 20 7 aT 
pressed in Volt-Ampere reac- um) 
tive (VAr). 920168 - 16 
*« A power producing current, 
known as active, working or 
usable, which is converted into 
useful work. It causes a fan 
to rotate in motors, heaters to 
produce heat and pumps to 


AinmA 
14,4.in mA 


UidinV 
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200,0 


pump liquid or gas. Here, there ' Jcapacitor ae 


is no delay between current surent 


and voltage. The power de- 
livered to the Joad is known 
as active power, P, which is 
expressed in watt (W). 


The power in an a.c, circuit 
is termed the apparent power, S, 
which is expressed in volt-am- 
pere (VA). It is equal to the root 
of the sum of the squares of the 6 10 
reactive power and the active Km) 
power: 


—} 120.0 


920168 - 17 
920168 - 21 


S=(P?+ Q*)! (see Fig. 1). 


206.0 


The apparent power is a practi- 
cal measure of the capacity of 
a.c. equipment. For instance, 
the size of a transformer required 
to supply a given industrial load 
rating. 

The ratio of the active to the 
apparent power Is the power fac- 
tor (PF) of the load, that is: 


1 
IE 


1(3.2) ip MA 


= 
a 
S 
A 


3,2] inf 


= 


120.0 


PF=P/S. 


Since, as stated before, PF=cos6, 
the power factor can be expressed 
either by the ratio of active and 
apparent power or by the cosine 
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How to compensate 
a low power factor 


From what has been said so far, 
it would seem that a certain value 
of capacitive load connected across 
an inductive load would return the 
overall power factor to unity (or 
at least nearly so). And, indeed, 
this can be proved to be so with 
the aid of Computer Aided 
Engineering (CAE) software or 
by a more traditional method. 


CAE method. The mains volt- 
age is represented by an a.c. source 
of fixed voltage level and fre- 
quency and the transmission lines 
by a resistance in serics—see 
Fig. 2. Across this is the induc- 
tive consumer load, R+j2X). The 
voltage and current waveforms 
computed with the aid of Micro 
Cap IIL software are shown in 
Fig. 4. Figure 4a shows the volt- 
age and current drawn from the 
mains. The overall power has a 
value of 0.47, which is below 
the regulations of most supply 
authorities. 

The power factor can be im- 
proved by connecting a suitable 
capacitor across the load as shown 
in Fig. 3. The correction capac- 
itor is given a value of 5 UF as 
inFig. Sand of 10 UF as in Fig. 6. 
The resulting waveforms are plot- 
ted in Fig. 5a, b,c and in Fig. 6a, b,c. 
It is clear from Figs Se and 6c 
that the power factor has in- 
creased considerably compared 
with that in Fig. 4a. 

This time-saving method of 
analysis provides enough infor- 
mation to prove the point. However, 
not everyone is fortunate enough 
to have a CAE package at his/her 
disposal and in that case a tradi- 
tional method with the use of a 
hand-held calculator must be em- 
ployed. 


Thyristor Switched Capacitor 
TSC 


transformer 


thyristors 


Traditional method. Again with 
reference to Fig. 2, the complex 
current, /,, flowing through the 
load is given by 

T=UZO°MR+HX)) 

=24020°/213.8262°= 
=1,122-62° A. 
This gives an active power of 

P=PR=125.4 W, 

a reactive power of 

O=(2X ))=-236.5 VAr, 
and an apparent power of 

S=(P?+Q"*)'"=267.6 VA. 

From this, the power factor is 

PF=P/S=cos0=0.468, 
so that 6=62° lag. 

Whena |0uF capacitor is con- 
nected across the load as in Fig. 6, 
the following results will ensuc. 

Current, /;, in the inductive 
element is 

f=UZO°/(R+jX;) 

=24020°/213.8 262° 
=1.12 2-62° A, 


Current, /,, in the capacitive 
clement is 


1=UL0°Kr-jX,) 
=240.20°/318.32-89.9° 
=0.754289.8° A. 


Active power is 


transformer 


| reactor 


thyristors 


Thytistor Controlled Reactor 
TCR 
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UNDERSTANDING POWER FACTOR COMPENSATION 


PoU2R+12)=126 W. 


Reactive power in theinduc- 
tive element is 


O=PX=-236.5  VAr. 


Reactive power in the capactive 
element is 


Q.=PX=+181 VAr. 
Total reactive power is 
Q=-55.5 VAr. 
Apparent power is 
S=(P?+Q*)'"=138 VA, 


Overall power factor, cosd, 
is 


PF=P/S=0.913, 
from which o=24°. 


Itis evident that connecting a 
capacitance across the load im- 
proves the power factor. 


State of the art 


Connecting a capacitance across 
an inductive load is not the best 
practical remedy fora low power 
factor, since variations of the load 
will necessitate different values 
of capacitance to counter conse- 
quent changes in the power fac- 
tor. In such cases, a combination 
of binary switched capacitors could 
be considered. 

Where large reactive powers 
are consumed a so-called syn- 
chronous condenser provides a 
more practical approach.Such a 
condenser is a 3-phase a.c. syn- 
chronous motor whose magnetic 
energy is controlled so as to pro- 
vide a variable source of leading 
or lagging power factors. 


transformer 


With the advance of power 
electronic devices in combination 
with microprocessor-based soft- 
ware and hardware, static VAr 
compensators (SVC) have been 
developed that nowadays replace 
capacitors or synchronous con- 
densers in medium to large net- 
works. 


Static VAr 


compensators 
Reactive power absorption for 
consumers with lagging power 
factors, or reactive power gen- 
eration for consumers with lead- 
ing power factors, can be provided 
by means of power electronic 
devices in combination with in- 
ductors or capacitors. Such power 
electronic devices, thyristors, tri- 
acs and MOSFETs, are used to 
control the instant at which cur- 
rent begins to flow in the circuit. 
There are various arrangements 
of thyristor-controlled elements 
in practical use: 


* thyristor switched capacitor, 
TSC; 

* thyristor-controlled reactor, 
TCR; 

* combinationof TSC andTCR. 


The TSC may be considered 
as a varlable capacitive reactance 
(Fig. 7a), and the TCR as a vari- 
able inductive reactance (Fig. 7b). 
A combination of the two is shown 
in Fig. 7c. 

The advantages of employ- 
ing these compensators for im- 
proving the power factor are enor- 
mous. The reactive power is con- 
tinuously variable from a full 
leading to a full lagging power 
factor. There are no moving parts 
that will wear out or contacts that 
will erode. The cost of installa- 
tion is roughly half that of a syn- 
chronous condenser, coupled with 
low losses and small maintenance 
requirements. A drawback is, how- 
ever, the generation of high har- 
monic levels on the network lines. 

a 
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PART 8 (FINAL): LCD AND KEYBOARD INTERFACING 


In this last instalment of the course we 
first deal with an ever popular subject: 
how to connect a liquid crystal display 
(LCD) to the 80C32 single-board com- 
puter. LCD modules with one or two text 
lines are available at relatively low cost 
these days, and are simple to drive from 
the 80C32 SBC, as will be shown below. 


LC displays 


Many stand-alone microcontroller appli- 
cations require an output device to display 
texts, numbers and measurement data. An 
LCD module is ideal for this purpose. For 
instance, il allows a sequence of user en- 
tries to be given a menu-like structure 
which uses only a couple of keys as the 
hardware. 

To keep the connection of an LCD as 
simple as possible, a special interface is 
provided on the 80C32 extension board. 


Connections 


The electrical connections between the 
extension board and the LCD are estab- 
lished by a !14-way flatcable. It is assumed 
here that the LCD has a Hitachi Type 
HD44780 controller, or a direct equiva- 
lent. Unfortunately, the pinning of the 
connectors on the LCDs that can be used 
is not standard, so you are wel! advised to 
ask for a datasheet when purchasing a dis- 
play. Suitable types include the H2570 
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(Hitachi), LMOI6L and LMI612A 
(Sharp), and VK2!16L (Vikay). The pin- 
ning of LCD connector K1 (on the 80C32 
extension board) is given in Fig. 50. This 
information must be used to make the 
cable to the connector on the LCD. The 
LCD enable signal is generated after a 
read (RD=1) or write (WR=1) operation 
to address OCOO9H or OCOOI respectively. 
The level of address line [OA3 then deter- 
mines whether the read/write operation 
concerns display data (RS=IOA3=0; ad- 
dress OCOO9H), or a display command 
(RS=IOA3=0; address OCOOIH). The 


R/W\ terminal of the LC display is con- 
nected directly to the RD output of the 
80C32 SBC. 

Commands and data are exchanged via 


Seal | 
SESOD00000000 


Cursoe or 
wie A fete fofefo]: feclm |= |e | 


the bidirectional databus. The display it- 
self can work in 4-bit mode (bits 0-3) or 8- 
bit mode (bits 0-7). Since we are working 
with an 8-bit microcontroller, and the dis- 
play is wired to the databus, it is self-evi- 
dent that the LCD is programmed to 
operate in 8-bit transfer mode. However, 
if you wish to interface the LCD to, say, a 
PORT, it may be wiser to use 4-bit trans- 
fer mode, since this reduces the number of 
PORT lines used. 

Voltage VO on KI terminal 3 serves to 
set the LCD contrast. The setting can be 
adjusted depending on the ambient light 
intensity and the viewing angle. Before 
connecting the LCD, make sure that it is 
properly connected — when in doubt, 
consult the datasheets. 
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Fig. 50. Connecting the LCD to the 4 
SBC extension card. 


Fig. 51. LCD controller command set. 
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Fig. 52. Flowchart of the LCD driver program. 
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LMOI6L and LMI612A. 


MCS-51 PROGRAMMING 
A COURSE IN 8 INSTALMENTS 


Hardware/software requirements: 


@ a8032/8052AH-BASIC single 
board computer as described in 
Elektor Electronics May 1991. 
The preferred CPU is a 8051 or 
80C32. Alternatively, any other 
MCS51-based microcontroller 
system (but read part 1 of the 
course); 

a course diskette (IBM: order 
code ESS 1661; Atari: order code 
ESS 1681) containing 
programming examples, hex file 
conversion utilities, and an 
assembler; 

a monitor EPROM (order code 
ESS 6091); 

an IBM PC or compatible 
operating under MS-DOS, or an 
Atari ST with a. monochrome 
display. 


Overview of publications: 

Part 1: Introduction (February 1992) 

Part 2: First 8051 instructions (March 
1992) 

Part 3: Hardware extensions for 
80C32 SBC (April 1992) 

' Part 4: Flags, bit addressing, PSW, 
conditional jumps, logic 
operators (June 1992) 

Part 5: Arithmetic instructions (July 
1992) 

Part 6: Analogue signal processing 
and stack management 
(September 1992) 

Part 7: Serial interface programming 
(October 1 

O. t ) 2 


The Hitachi LCD controller databook de- 
votes some 30 pages to a full description 
of all possibilities offered by the con- 
troller-plus-LCD combination. Hence, we 
are forced to limit ourselves to the most 
important commands, in the knowledge 
that more extensive information is avail- 
able from the manufacturer. 

Many LCDs capable of displaying the 
ASCII character set have the same LCD 
controller IC, and thus the same command 


“the popular LCD modules Type H2570, 


acters ren 


basic operation of these displays with in- 
tegrated controller. The display has an in- 
ternal buffer with a capacity of 
80 characters. This is the Display Data 
RAM, DD-RAM, at addresses OO0H to 
O4FH. A display with one line of 16 char- 
acters displays the characters contained 
between OOH to OFH, starting at the left 
side of the screen. In this way, a kind of 
window is created, which can be shifted 
by i BY Shift ~ 


(November 1992). 


the DD-RAM, the window in the DD- 
RAM 1s given a different start address. 
With a two-line display such as the 
LM16255, the top line displays the char- 
acters starting at OOOH, and the second 
line displays the characters. starti 


Nain stored at the same address in 
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Then there is the cursor, which deter- 
mines the position (in the DD-RAM) of 
the next character. This position is called 
the address counter in the following de- 
scription. The cursor may be visible or in- 
visible, depending on the way it is 
programmed. It may also flash, if desired. 
By appropriate programming, you can se- 
lect between a display shift and a cursor 
movement when a character is transferred 
to the LCD. This enables a horizontally 
scrolling text to be displayed relatively 
easily. 

Finally, the LCD has an on-board char- 
acter RAM, designated CG-RAM, in 
which you can store the pixel outlines of 
ASCII codes 0 to 7. The exact organiza- 
tion of the CG-RAM is given in the 
datasheets. This RAM allows you to de- 
fine your own characters. 

Commands are sent to the LCD by out- 
putting the desired code to address OCOOH 
(i.e., RS is low, and R/W\ also). 

After this brief introduction follows a 
short description of the various LCD com- 
mands. The asterisk in the examples 
below stands for ‘bit level irrelevant’. 


Clear Display 
00000001 


This command causes all DD-RAM loca- 
tions to be filled with 20H (= ASCII 
‘space’). The cursor is set to position 0, as 
is the display window, which negates the 
effect of any previously given Display 
Shift command. 


Return Home 
0000001 * 


Resets the cursor to position 0, and resets 
any previously given Display Shift. The 
contents of the DD-RAM are not changed. 


Entry Mode Set 
000001 TV/DS 


This command serves to determine what 
happens after a databyte has been trans- 
ferred to the display. The increase/de- 
crease (I/D) bit determines whether the 
internal DD-RAM is automatically in- 
creased (1/D=1) or decreased(1/D=0) 
when a character is read or written. The 
value of this address is stored in the ad- 
dress counter, AC. 

The shift bit, S, indicates if a display 
shift is to occur automatically in the direc- 
tion set by the I/D bit. This shift occurs 
when S=1. and does not occur when S=0. 
During the shift, the cursor retains ils po- 
sition inside the display window. 


Display ON/OFF Control 
0000I1DCB 


This command enables us to switch the 


The display is sweitabied on and off i pro- 


gramming D=! and D=0 respectively. 
Similarly, C=1 and C=0 switch the cursor 
on and off, and the same goes for the 
“blink” (B) bit. 


Cursor or Display Shift 
0001 S/C R/L * * 


This command is used to move the cursor 
or shift the display. It is essential if you 
want to program a horizontally scrolling 
text. The options are: 


S/C R/L 
QO 0 Cursor left 
0 I Cursor right 
| Q — Display left, cursor 
follows display 
I I Display right, cursor 


follows display 


Function Set 
001DLNF*# 


DL=1: 8-bit interface 
DL=0: 4-bit interface 
N=0: one line 

N=1: two lines 


Only on some types: 
F=0: 5x7 dot matrix 
F=1: 5x10 dot matrix 


This command sects the display’s mode of 


operation after the reset at switch-on. We 
will be using the LCD in 8-bit mode with 
one line. 


Set CG RAM Address 
Q 1 a5 a4 a3 a2 al a0 


This command prepares the LCD for a 
data transfer to the character RAM by fix- 
ing the CG address for the next byte to be 
conveyed. Bits a0 and a5 form the address 
to be loaded into the address counter, AC. 


Set DD RAM address 
1 a6 a5 a4 a3 a2 al ad 


This command prepares the LCD for a 
data transfer to the display data RAM 
(DD-RAM) by fixing the DD-RAM ad- 
dress for the next byte to be conveyed. 
Bits a0 to a6 form the address to be loaded 
into the address counter, AC. 


Read Busy Flag 

Read back: 

BF a6 a5 a4 a3 a2 al al 
(where R/W\=1) 


When BF=1, the display is busy process- 
ing the previous command, and can not 
accept a new command or data. When 
BF=0, the display is ready to accept a new 
command, or new data. At the same time, 
the value of the AC is read. 


d7 d6 d5 d4 d3 d2 d! dO 
(where R/W\=0; RS=1) 


Depending on whether a CG-RAM ad- 
dress or a DD-RAM address was sent, this 
command takes a byte into the respective 
memory area. The mode defined with the 
aid of the Entry Mode command deter- 
mines whether the AC its increased or de- 
creased after the byte has been conveyed. 


Read DATA from CG or DD-RAM 
Data: 

d7 d6 d5 d4 d3 d2 d! dO 

(where R/W\=1:; RS=1) 


This command allows bytes to be read 
from the CG-RAM or the DD-RAM. 
Before this command, the address must 
have been conveyed by SET CG AD- 
DRESS or SET DD ADDRESS. 


Display test 


The flowchart and assembly listing of a 
simple LCD test program are given in 
Figs. 52 and 53 respectively. The function 
of the program is simple: first, a text is 
written to the display. Next, the display 
contents can be shifted to the left or to the 
right by pressing a key. 

The example program on your course 
disk (XAMPLE12.A51 ) contains a num- 
ber of subroutines which you may use in 
your own programs. The operation of each 
of these routines will be discussed below. 


LCD subroutines 


Subroutine RCOM fetches the state of the 
LCD into the accumulator. This is 
achieved by setting Port P2 to the high 
byte of the display address, OCO1H. The 
lower address byte is loaded into register 
RO. Next, a MOVX instruction is used to 
read out the LCD's BUSY flag, which ap- 
pears in accumulator bit position 7. As 
mentioned earlier in this course, Port P2 is 
used as the high address byte with indirect 
addressing of the external memory. 

Subroutine LCDRDY waits until the 
LCD BUSY flag is at 0. RCOM is used 
for this function, LCDRDY is used during 
the relatively ‘slow’ LCD initialization 
commands, to make sure that the LCD has 
actually accepted the command conveyed. 

Subroutine WTI waits 100 Us. Since 
most LCDs have a display command cxe- 
culion time shorter than 100 us, this sub- 
routine may be used to wait for a display 
command to finish. 

Subroutine LCDCOM conveys a com- 
mand (RS=0) to the display. The address- 
ing method is the same as that used with 
the MOVX instruction in the RCOM sub- 
routine. The command is followed by a 
100-ps delay. 

alae LCDCHR sends a charac- 

- aracter RAM (DD-RAM) of 


Before calling LCDCHR, it may neces- 
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LL 


weasae LISTING ELD) stse=e 
LINE LOC OBJ SOURCE 
ogo 


LHR REESE TEER ERE EERE HEHEHE EES 


0 0 ? for higrer address 


O18 
JOSH 


ij initialize LCD 
: #9 charac 
? Batting with & 


3 display cr LOD 
, next character 


& complete 

, one line , 5*7 dots 
tsplay an, cursor/flash eff 
fo-1 $=0 : increment w. display shift 


reseL Display 


Fig. 53. Assembly code listing of the LCD driver. 


sary to set the new RAM address with the 
aid of SET DD-RAM ADDRESS. 

Subroutine LCDSET arranges the 
basic settings of the LCD. First, it calls 
LCDRDY to make sure that all previous 
commands have been processed. Next, the 
LCD mode is set to: 8-bit; one line; 
5x7 dots. This is done with the aid of 
LCDCOM. After the mode setting opera- 
tion, the display and the cursor are 
switched off (lines 39 and 40), and the 
Shift mode is set (lines 41 and 42). Next, 
the display is cleared. Since this command 
may take up to 1.6 ms, it is followed by 
subroutine LCDRDY. Those of you who 
have studied the listing carefully will have 
noted a useful programming trick. When 
“subroutine!” ends with the instruction se- 
quence 


LCALL subroutine2 


~a left or right Display Shift command is 


this can be replaced with a single line in- 
struction 


LJMP subroutine2 


and so make use of the RET command of 
‘subroutine2’ (line 52 in the listing). 
Although this trick saves a few lines of as- 
sembly code, it should not be used too 
often since it easily causes confusion. 
Here, it is only shown in the interest of the 
example. 


The main program 


The main LCD driver program starts by 
calling LCDSET to set up the display. 
Next, it writes 80 ASCII characters 
ABCDEFG.... into the display RAM be- 
fore entering an endless loop starting at 
NEW. In this loop the state of keys $2 and 
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sent to the LCD via LCDCOM. To make 
sure that the display contents scrolls 
slowly, subroutine WAIT is called in 
every loop iteration. WAIT simply idles 
0.26 s (255x255x4 us). 


Assignment: road diver- 
sion 


The last assignment in the course is to 
write a program that displays text and 
numbers (decimal and hexadecimal) on 
the LCD. To get started, have a look at the 
character output routine (V24 serial inter- 
face driver) in the system monitor, 
EMONSI, and work on routeing the char- 
acters to the LCD. 


Further outlook 


This brings us to the end of the 8051/8032 
Assembler Course, which has covered the 
most important programming aspects of 
the MCS-51 family of microcontrollers. 
The knowledge gathered during the 
course should enable you to start your 
own projects based on one of the proces- 
sors in the family, or any of the follow-up 
types that are currently available. 

To avoid awkward problems arising 
later, microcontroller-based — projects 
should have a fairly long planning phase. 
Always give a good deal of thought to 
questions such as: which part of the pro- 
ject is realized by software, and which by 
hardware? How are the necessary hard- 
ware extensions connected (ports or bus)? 
Is battery backup required? Does the 
processor used have enough speed and 
computing power to handle the desired 
task? Are interrupts required to deal with 
‘fast’ events? What are the sub-problems 
into which the overall program and pro- 
ject can be divided? 

Answering the above questions re- 
quires quite some experience, which, as 
we all know, can only be acquired ‘the 
hard way’, 1.e., by practice. In not a few 
cases, an apparently simple task may 
prove quite tangled when looked back 
upon, or will eventually appear to be over 
your head. In general, a good start can be 
made with simple hardware projects that 
can be built from a couple of TTL ICs: a 
die, a digital clock, a morse code genera- 
tor, and so on. The functions of such de- 
vices lend themselves very well to 
software implementations that yield a lot 
of practical experience. 


Keyboard interfaces 


Most hardware projects you may come up 
with will require some kind of data input 
device. To offer you some insight into the 
problems that may crop up, we will 
briefly discuss six ways of interrogating 
the state of a keyswitch, i.e.. determine 
whether it is pressed or not. As will be- 
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910109 - 8 -1Sa 


910109 » 8 - 15d 


910109 -8-15b 


Address 
decoder 


i 
‘ Dala bus : 


910109 - B- 15e 


10109 +B: 15e 


S1010G Be 154 


Fig. 54. Six possible ways of connecting switches or a keyboard to the 80C32 single-board computer. 


Also, each circuit has its own advantages 
and disadvantages. 


a. Direct port connection 

The connection shown in Fig. 54a is the 
simplest of all: each key pressed takes a 
port line to ground. Current limiting is not 
even required because the 8051 contains 
pull-up resistors. The software is simple, 
too: cach switch can be interrogated by a 
bit test instruction (JB or JNB). The disad- 
vantage of this circuit lies in the number 
of port lines used. This makes it difficult 


tage of th 


to implement, say, an ASCIT Keyboard in 
terface, since there some 60 keys (= port 
lines) are involved. 


b. Matrix port connection 
In this circuit (Fig. 54b), the keys are 
arranged in rows and columns that form a 
matrix. The state of any individual key in 
the matrix can be interrogated by putting a 
‘wandering low’ on to the row lines, The 


~ SAl 


eé matrix circuit is that a large 


number of keys can be read using rela- 
tively few lines: only 16 to read 64 keys. 
There is also a disadvantage: keys may 
not be pressed simultaneously, However, 
this may be overcome by fitting decou- 
pling diodes at the matrix crosspoints. 
Unfortunately, the software for the matrix 
keyboard is fairly complex. 


c. Shift register connection 

The circuit option given in Fig. 54c¢ re- 
quires remarkably tew lines. A load pulse 
is used to copy the switch state into the 


select one of keys S1I-S6 via an 8-to-] 
multiplexer. The state of the selected 
switch is fed back to the controller via 
port line P1.3. This circuit can make do 
with simple control software, and is sim- 
ple to turn into a cascade to allow more 
keys to be connected. 


e. BUS connection 

The circuit drawn in Fig. 5e uses the 
processor bus to convey switch states. It is 
particularly useful when there is no free 
port line available. The keyboard address 


register. Next, the switch state 1s 
shifted into the 8051 by eight clock pulses 
sent via port line P1.2. Note that only 
three port lines are required, and that the 
control software is fairly simple. Where 
more keys need to be read, shift registers 
may simply be cascaded (connected in se- 
ries). Note, however, that this results in a 
longer ‘read’ time. 


port lines, of which P1.0, 


PL. and P12. 


1s Selected via an address decoder, and the 
read signal is used to transfer the state of 
the keys on to the databus via a three-state 
buffer. Although the software for this op- 
tion is relatively simple, the hardware is a 
bit on the complex side, particularly be- 
cause we need to connect both the address 
bus and the databus. 


f. Multivibrator interface 


port line. An oscillator based on two in- 
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verters operates at a frequency which 
changes when one of the keys is pressed. 
The ‘key identity’ is then established by 
the software, which measures the fre- 
quency of the rectangular signal on P1.0. 
Although this circuit requires the fewest 
port lines of all variants (except, of 
course, the bus connection), its suffers 
from two disadvantages: first, it requires 
fairly complex software and, second, it is 
not so easy to extend the number of keys 
since the frequency differences then be- 
come too small to be resolved reliably by 
the processor. 


The way ahead 


To be able to make the best possible use 
of the experience gathered from simple 
programs and projects, teach yourself to 
write program sections in such a way that 
they can be used later for other applica- 
tions. In the course of time, this method of 
working will yield a collection of items 
that can be used over and over again to 
build larger programs. Also, the better 
your documentation on each subroutine, 
the easier it becomes to fit one into a 
larger program, 

Contrary to common belief, assembly 
language programming is not all juggling 
and applying one trick after another. In 
the author’s opinion, assembly language 
does allow structured programming just 
like any other higher language, since the 
program structure is mainly the result of 
the programmers's thinking. In this con- 
text, it is perhaps useful to advise begin- 
ners to read as much as possible about 
assembly language programming. 

In spite of the different sources avail- 
able for learning purposes, assembly lan- 
guage programming is never easy, and is 
quite demanding in regard of discipline. 
Fortunately, life is made a little easier by 
a number of programming tools, which 
will be discussed briefly below. 


Macro-assembler 
During this course we have used a simple 


assembler which 1s, none the less, per- 
fectly adequate for the beginner. The pro- 


fessional user with a large budget will, of 


course, want to use more powerful tools. 
Well, these are available: 
commercially available assemblers have 
‘extra’ features such as the ability to han- 
dle macros. A macro is a ‘shorthand’ 
identifier for a long, frequently used, se- 
quence of instructions or other texts. The 
assembler recognizes the macro identifi- 
cation, and automatically translates it into 
the text it represents. 

Apart from this possibility, many as- 
semblers allow the separate assembly of 
chunks of assembly code, which can be 
alilghed together” lie along” with items 


a number of 


building a fairly large program, the hob- 
byist will often be able to manage quite 
well without a linker utility. 

Those of you who find assembly lan- 
guage programming too arduous may 
avail themselves of higher programming 
languages such as C or Forth, for which a 
number of 8051 compilers and_ inter- 
preters are available, albeit at a cost. 


8051 emulators 


8051 emulator programs are available that 
allow 8051 software to be tested by quasi- 
running it on a PC. Some emulators allow 
the program under test to be executed in 
single step mode, while the register con- 
tents are displayed. As such, emulators 
are excellent tools to trace and solve soft- 
ware problems and errors. They, are, how- 
ever, less useful when the problem is 
caused by incompatibility between soft- 
ware and hardware. The limitations of the 
emulator are, therefore, often keenly felt 
when the program is used to ‘mimic’ a mi- 
crocontroller connected to hardware ex- 
tensions — (peripherals). Fortunately, 
emulators come at quite low prices, which 
makes the decision to buy one, and so ex- 
tend one’s programming tools, a little eas- 
ier than with an expensive assembler. For 
the beginner, too, an emulator can be 
quite useful since the workings of individ- 
ual instructions can be traced with great 
accuracy on the PC screen. However, an 
EPROM emulator will be much more use- 
ful when il comes to the real thing, 1.e., 
testing the real program in actual use. 


EPROM emulators 


During this course, all programs are run 
under the control of the EMONS51 system 
monitor, and loaded into RAM. In many 
cases, however, it is desirable, from a 
point of view of cost, to omit a RAM, and 
run the program from an EPROM. To 
complicate things even further, such a 
system may not even have a serial inter- 
face. The absence of a RAM and a serial 
interface would appear to limit the possi- 
bilities of testing the software under real- 
istic circumstances, as no data can be 
downloaded to, or called back from, the 
system under test. In these cases, an 
EPROM emulator can be great help, since 
it allows the most up to date version of the 
program (in object code) to be down- 
loaded into the system, An excellent de- 
sign for an EPROM emulator is described 
in Ref. 1. 


In-circuit emulators 


An even more difficult situation arises 
when an 8051 with internal ROM ts to be 
used in a project of which the software is 
as yet under development. Obviously, an 
EPROM emulator is useless here, simply 
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Ref, 2 simulate the operation of the 8051 
CPU running a program selected by the 
user. An in-circuit emulator is also a fine 
tool to track down hardware errors caused 
by, for instance, timing problems, 


Follow-up processors: 
80535 etc. 


Although this course may have been your 
first acquaintance with the 8051 family of 
microcontrollers, remember that these de- 
vices are relatively old already. Their suc- 
cess, however, is mainly due to their 
having been endowed with the status of 
‘industry standard’. Whatever that may 
mean, these processors are found in 
countless applications. However, when 
deciding to develop a microcontroller ap- 
plication, do not forget to have a serious 
look at some of the derivates of the 8051, 
which include some very interesting 
processors like Siemens’ SAB80C535 and 
SAB80C537, OKI’s MSM80C154, and 
Philips Components’ PCB83C552. These 
processors are basically upwards compati- 
ble devices, which means that they can do 
everything a 805] can, when the same 
software is used. 

The follow-up processors have ex- 
tended features such as additional timers, 
on-chip A-D converters, an on-chip 
watchdog timer, more ports and enhanced 
(faster) arithmetic units. Our course as- 
sembler supports these new features be- 
cause they are accessible via additional 
SFRs. An 80C535 controller board will be 
published in a forthcoming issue of 
Elektor Electronics. 


Finale: small hardware 
projects 


Although this course is now finished, it is 
really open-ended since there is no limit 
to what you can program on an 8051. We 
have up our sleeve a number of smal! pro- 
jects that serve to show you the diversity 
of the possible applications. The projects 
themselves will be small, and based on 
very simple hardware. The idea is not so 
much to elaborate on the project itself, but 
rather to demonstrate the wide variety of 
applications you can develop once the ba- 
sics of assembly language have been ac- 
quired. If you have ideas, let us know! 


References: 

Il. ‘EPROM emulator Mark-2’. 
Electronics September 1992. 

2. ‘8751 emulator’. Elektor Electronics 
March 1992. 
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ELECTRONIC STARTER FOR 
FLUORESCENT TUBES 


Design by L. Pijpers 


| act creas fluorescent tube lighting is 
justifiably popular because (1) it is 4-6 
times as efficient as metal-filament lamps, 
(2) the life of a fluorescent lamp is about 
seven times that of a metal-filament lamp, 
(3) its light is spread much more evenly, and 
(4) it produces hardly any glare. 

A low-pressure fluorescent lamp consists 
usually ofa glass tube, 38 mm in diameter and 
from 600 mm to 2400 mm long. The tube is 
filled with an inert gas at a pressure of about 
"Jag Of atmospheric pressure, and also witha 
drop of liquid mercury. The interior surface 
of the tube is coated with fluorescent mate- 
rial that converts the ultraviolet radiation from 
the mercury vapour into light of an accept- 
able colour. 

There isan electrode at each end of the tube 
that serves as both cathode and anode, since 
the tube is invariably used in an a.c. circuit. 
The cathode, which is secured by nickel sup- 
port wires, consists of a coiled filament coated 
with a barium-oxide thermionic emitter. The 
anode if formed by a metal strip attached to 
the support wires. 

The cathodes are heated by passing a cur- 
rent through each filament. If the applicd 
voltage is high enough, a glow discharge is 
set up through the gas, which excites or ion- 
izes the mercury atoms throughout the tube 
and results in a mercury-arc discharge. As 
the are current increases, the potential drop 
across the choke also increases, so that the volt- 
age across the tube decreases, until a balance 
is reached. 

Fluorescent tubes require some external 
components for satisfactory operation: a bal- 
last, usually a choke, to limit the current 
through the tube, a starter for preheating the 
filaments, and a power factor correcting ca- 
pacitor—see Fig. 1. 

The simplest starter is a special switch 
(normally called the starter), which nowadays 
is invariably of the glow type (there used to 
be thermal types, but these have all but dis- 
appeared). The contacts of the switch are 
mounted on bimetallic strips that bend to- 
wards each other when they are heated. The 
switch is normally contained, together with 
a small radio interference suppression ca- 
pacitor, in a sealed tubular case that is filled 
with an inert gas, usually argon or helium. 

When the lamp switch is closed, the full 
mains voltage is applied across the starter, 
which causes a glow discharge through the 
gas across the open contacts. This discharge 
heats the bimetallicstrips, whereupon the con- 
tacts close. As soon as this happens, current 


are heated. When the cathodes reach a cer- 


etd a 


Fluorescent tubes blink and flicker for a few seconds before 
they light properly. This deficiency is caused invariably by the 
traditional starter. The circuit described here may be used to 
replace the starter to obviate the blinking and flickering. 


tain temperature (called the ‘emission tem- 
perature’), ionization begins and the ends of 
the tube start to glow. The voltage across the 
starter then decreases and the bimetallic strips 
begin to cool down. After a predetermined 
time, the contacts open quickly. This causes 
a high-voltage surge to be induced across 
the choke, which is applied to the tube, caus- 
ing it to strike. 

The choke causes a power factor (lag) that 
may be as low as 0.6, which is clearly very 
inefficient. To improve the power factor toa 
value closer to 1.0 (in practice 0.8-0.9), a suit- 
ably rated power factor compensating ca- 
pacitor* is connected across the mains input 
terminals. 

The reason for the blinking and flicker- 
ing of the fluorescent tube is simply that the 
contacts of the starter switch open at any 
given moment. Invariably, the value of the 
current at that time is too low to induce a 
high enough voltage across the choke to make 
the tube strike. At the same time, the cath- 
odes of the tubes often have not been suffi- 
ciently heated. 


Electronic starter 


There are several ways of using electronics 
to improve the striking of fluorescent tubes. 


The second is using an hf. amplifier and 


transformer to increase the frequency and 
the level of the operating voltage. This method, 
however, is feasible for low power (5-9 W) 
tubes only; the costs for higher power tubes 
are fairly high. 

The third, proposed here, is based on the 
circuit in Fig. 2. 

The choke is retained for limiting the cur- 
rent, but is no longer needed for inducing a 
high voltage. 

At the instant the mains switch is closed, 
the fluorescent tube presents a high impedance 
and the four capacitors are not charged. For 
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rescent lamp circuit. 
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TUBE RATING 
20 W 40 W 60 W 

G 0.47 F/1000 V-—s(0.47 F/1000 V 1 F/1000 V 
C; 0.47 WF/1000 V.—s«0.47 uF/1000 V 1 pF/1000 V 
C; 0.47 WF/1000 V—s«0.47 wF/1000 V 1 uF/1000 V 
e 0.47 uF/1000 V.—s«0.47 wF/1000 V 1 F/1000 V 
D, 1N4007 1N5408 1N5408 
D, 1N4007 1N5408 1N5408 
B, 280 V/1.5 A 280 V/2.0 A 280 V/3.0 A 
F, 500 mA 1A 3A 


simplicity’s sake, it will be assumed that the 
mains is going through a positive half cycle, 
that is, the voltage is high at L, and low at F;. 
Capacitor C, is then charged via D, and the 
bridge rectifier, and C, via one of the diodes 
of the rectifier. The potential across these ca- 
pacitors rises to about 340 V, the peak value 
of the mains. During the negative half cycle, 
. C,is charged to about 340 V via the rectifier, 
» and C, to just over 500 V via C, and D,. This 
means that part of the charge on C, is trans- 
ferred to C;. During the next positive half cycle, 
part of the charge on C; is transferred to C; 
via D,, while C, is recharged to about 340 V. 
In this way, capacitors C, and C, increase the 
voltage across C, and C, to twice the peak volt- 
age of the mains, that is, 680 V. This means 


Table 1. Component values in Fig. 2. for various tube ratings. 


ELECTRONIC STARTER FOR FLUORESCENT TUBES 


Fig 


that the voltage at the right-hand side of the 
fluorescent tube is +680 V and that at the 
other side is 680 V, both with respect to neu- 
tral. That voltage remains across the tube 
until this strikes. 

When the tube strikes, the potential across 
the capacitors instantly drops to 60-80 V, 
that is, the normal operating voltage of the 
tube. The capacitors cannot be recharged: from 
this moment on they serve no purpose as the 
tube is operated by the direct voltage pro- 
duced by the rectifier. 

Operating the tube from a direct-voltage 
source is the most obvious difference with nor- 
mal practice. Another is that the filaments 
serve as anode or cathode only and no longer 
as pre-heating elements. 
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"Fig. 3. Prototype of the electronic starter. 


. 2. Circuit of the electronic starter. 


Although this method has the obvious 
advantage of the tube lighting immediately 
the mains is switched on, it also has a draw- 
back. Since the ion current through the tube 
is now polarized, one of the filaments will 
become thinner and thinner and the other, 
thicker. Also, a black deposit may occur on 
the glass of the tube. These are long-term ef- 
fects, however, and are no cause for imme- 
diate concern. It is nevertheless advisable to 
reverse thetubeinits fitting from time totime, 
say, once every couple of months. 


Construction 


Since only seven components are used, the 
construction of the electronic starter is sim- 
plicity itself. Because of the high voltages 
present (well over 1000 V), good-quality board 
should be used. Also, keep reasonable dis- 
tances between the soldering points. Further- 
more, first class insulation is needed when the 
circuit is fitted in a suitable enclosure. Do 
not omit the (quick-blow) fuse under the im- 
pression that the choke will limit any peak 
currents. 

Suitable values of components shown in 
Fig. 2 are given in Table 1. | 


* See ‘Understanding power factor compen- 
sation’ on page 43. 


The computers in Commodore’s Amiga series are widely 
praised for their powerful sound and graphics. Not 
surprisingly, some bulletin boards abound with graphics files 
and/or tracker modules that have been produced by this 
popular computer. The sound sampler described in this article 
gives all Amiga users the possibility to start digitizing sound at 


a small outlay. 


Design by P. Trags 


OUND is only a secondary function on 

most computers, which appear to be de- 
signed to communicate with the user via a 
screen only. Amiga owners are, however, 
fortunate to have a computer that is fairly 
simple to upgrade into a multi-media ma- 
chine. This is proved by the sound sampler 
described here, which is purposely kept 
simple and, therefore, inexpensive. 

The circuit proposed here is suitable for 
all versions of the Amiga, that is, for the 
A500, A1000, A2000 and the professional 
A3000. Also, it is designed to be compati- 
ble with many of the popular sampler 
and/or tracker programs Amiga users 
have come to know. Programs such as 
Audio Master I, I & II, Record Maker, 
Perfect Sound, Future Sound and DeLuxe 
Sound can be used straight away. The 
sound sampler is capable of digitizing 
mono as well as stereo signals. The sam- 
ples generated by the hardware may be re- 
produced via the sound channels built into 
the Amiga. By virtue of the four standard 
channels, a fairly good stereo sound can be 
produced. The internal resolution of 8 bits 
forms a seamless link with the resolution 
of the sampler. Finally, the sampler may 
be used as a low-voltage, low-frequency 
oscilloscope, a function which is sup- 
ported by most sound sampler programs. 


Via the printer port 


e sampler is connected to the Amig 


Ki, which is hooked up to the computer’s 
printer port, The circuit diagram shows 
two wire links in the vicinity of K1. These 
links are required to correct a small hard- 
ware flaw in the A1000 computer, which 
has the +5-¥V line on the wrong pin of the 
printer port. This has been put right on 
later Amiga models. 

The remainder of the circuit is pretty 
straightforward, The two audio signals, 
left and right, are applied to connectors K2 
and K3. Opamps I[C3a and IC3b raise the 
audio signals by a factor of three, and each 
drive the analogue input of a Type 
ADC0804 analogue-to-digital converter 
IC. Since the ADCO0804 is reasonably 
priced, each sound channel has its own A- 
to-D converter, which results in a fairly 
large bandwidth. The converter is based 
on the successive approximation principle, 
The conversion time is about 100 ts at a 
clock rate of 640 kHz. One conversion 
cycle lasts exactly 64 us, although we must 
keep in mind that up to eight clock pulses 
may go by before the conversion is actu- 
ally started. According to the manufac- 
turer of the ADC0804, National 
Semiconductor, the clock frequency may 
lie between 100 kHz and 1.46 MHz. From 
experience with the chip, it is known that 
the A-D converter produces more conver- 
sion errors as the clock frequency in- 
creases. The recommended clock 


Suitable for: ali amiga Computers 
Resolution: : 
Interface: 

Control: 


(see overview) 

Sample frequency: adjustable to 
approx. 25 kHz 
manually 

or by software 

mono or stereo 


Operation: 


Sound channel: 


variable, which enables the user to set the 


optimum frequency for a_ particular 
‘recording’. The clock frequency may be 
set to a value between 0.5 MHz and 


1.5 MHz. At the maximum clock frequency 
specified by the manufacturer, 1.46 MHz, 
the highest audio frequency that can be 
digitized is about 10 kHz. 

A potentiometer, [P2, is provided to 
compensate the offset of opamps IC3a and 
ICab. The signal level may be set with the 
aid of stereo potentiometer P1. To achieve 
the best possible sound quality, it is im- 
portant to ensure signal levels that result 
in optimum drive for the ADCs, Evidently, 
Pi and P2 need be adjusted only once if the 
sampler is used with fairly constant signal 
ranges, such as, for instance, from a CD 
player. 

The reference voltage for the convert- 
ers, IC1 and IC2, is generated with the aid 
of diode D1. In practice, the stability of the 
forward drop across the diode, about 
0.6 V, is sufficient, so that we need not re- 
sort to more expensive, specialized, de- 
vices for this purpose. 

The remainder of the circuit serves to 
make a selection between sampling the 
right channel, left channel, or the complete 
stereo signal. This is achieved with the aid 
of ICs, a triple two-channel multiplexer. 
The input signals on pins 14 and 15 are 
used to select the A-D converters, Both en- 
able signals are furnished by the Amiga 
computer via pins 12 and 13 on connector 
Ki. 

A detection system is provided to make 
sure that only one ADC is selected at a 
time (remember, they share a common 8- 
bit bus). When both ADCs are selected at 
the same time, [C7c and [C74 have low lev- 
els on their inputs. This, in turn, causes the 
error indicator, D4, to light. Also, the low 
level at the output of IC7c blocks the sig- 
nals that pass through gates ICéec, ICed, 
IC7a and IC7b. If only one of the outputs 
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Fig. 1. Circuit diagram of the sound sampler. Note the use of two ADC chips to ensure excellent stereo sound. 


that condition, gates IC6e and ICéd pass the 
enable signals to the relevant A-D con- 
verter, 

Since the software will switch very 
quickly between the two channels when 
stereo mode is used, the two LEDs will 
light simultaneously. The selection be- 
tween stereo and mono recordings is made 
with switch 51. If this switch is set to mono 
sound, S2 is used to select between left or 
right. In stereo mode, the Amiga does the 


version (SOC) signal to pin 3 of the 


ADC0804, the IC starts to compute the dig- 
ital equivalent of the analogue signal at its 
input. The digitized value is an 8-bit word, 
which is applied to the output bus. 


Construction and test 


The sound sampler is simple to build if the 
ready-made printed circuit board shown 
in Fig. 2 is used. Since the components 
used are inexpensive and not particularly 


construction by fitting the wire links on 
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the board. Note that two wire links cross, 
so that insulated wire must be used. 
Alternatively, the wire link in parallel 
with [C4 may be run via an are. Proceed 
with fitting the resistors, capacitors and 
connectors. The ICs are fitted last. 

The plastic enclosure is drilled and cut 
to fit the switches, phono sockets, poten- 
tiometers and LEDs. Next, fit the com- 
pleted board into the case, and secure it 
with the corner screws. The construction is 


56 COMPUTERS AND MICROPROCESSORS 


Amiga Centronics port connections and functions 


Future Sound 
(mono only) 

i name 
STROBE\ 
DO-D7 
ACK\ 
BUSY 


PAPER OUT 


SELECT 


Record Maker 
{mono only) 
pin name 

1 STROBE\ 
2-9 DO-D7 

10 ACK\ 

11 BUSY 


12. PAPER OUT 


13° SELECT 


Audio Master I 

(mono. only) 

pin name 
STROBE\ 
DO-D7 
ACK\ 
BUSY 


Software 


function 

start conversion 
data 

no function 

no function 

no function 

no function 


function 

start conversion 
data 

no function 
470 resistor 
to ground 

no function 

0 = sample 

1 = end of 
sampling 


function 

start conversion 
data 

no function 

no function 


As already mentioned, the circuit is com- 
patible with a wide range of popular sam- 
pler software available for the Amiga. Our 


3ssooat 


Fig. 2. Single-sided printed circuit board for the sound sampler. 


12 PAPER OUT no function 
13° SELECT 0 = sample 


Audio Master Ii/Perfect Sound 

pin name function 

1 STROBE\ start conversion 
2-9 D0-D7 data 

10 ACK\ no function 

11 BUSY no function 

12 PAPEROUT 0 =right 

13. SELECT 0 = left 


When using Audio MasterIl, select 
“Device Type: Parallel’ from options. 


Audio Master Ill 

After selecting options Sampler: Hi- 
speed, and CPU: A, this program works 
the same as Audio Master tl. 


DeLuxe Sound 

(mono only) 

pin name function 
STROBE\ start conversion 
DO-D7 data 
ACK\ no function 
BUSY 470Q resistor 

to ground 

no function 

0 = sample 


PAPER OUT 
SELECT 


advice is, therefore, simple: go out to your 
computer shop and buy one of the pro- 
grams shown in the above box. For the 
sake of completeness, the box also shows 
the way the software makes use of the 


Centronics port. This information may be 
useful for faultfinding purposes. 

As you can see, the sampler is sup- 
ported by a large number of programs. 
Apart from these, there are four tracker 
programs that may be used: Protracker, 
Soundtracker, Noisetracker and Octalyzer. 
No shortage of software! 

The three potentiometers on the sam- 
pler are simple to adjust. Select the oscillo- 
scope function (in the software), and apply 
an audio channel to the selected input (left 
or right). Next, turn the volume and off-set 
controls to mid position, and the clock 
control fully clockwise. Study the results 
on the screen, and correct the settings until 
an optimum signal is obtained. If the sam- 
pler is always driven by the same signal 
source, the offset and clock potentiometers 
may be replaced by presets. a 


COMPONENTS LIST 


Resistors: 


5 100k Ri;R2:R12; 
R13:R19 
2 330kQ R3;R4 
1 470kQ R5 
3 4kQ7 R6;R14;R15 
1 4702 R7 
1 12kQ R8 
1 22kQ RQ 
2. 1kQ R10;R114 
3 8200 R16;R17;R18 
1 50k log. stereo 
potentiometer P41 
1. 100kQ lin. 
potentiometer P2 
1. 2kQ lin. 


potentiometer P3 


Capacitors: 


5 1pF 16V radial C1;C2;03; 
C4;C6 

1 330pF C5 

2° 100nF C7;C8 

tq = fede 

Semiconductors: 

1 1N4148 D1. 

2° green LED BeD3 Dy 

1...red LED RA SD 

2 ADC0804 1C1;IC2 

1 {.¢272 IC3 

1 74L$629 IC4 

1 

1 

| 


Miscellaneous: 
1 26-way male sub-D 
connector K1 
phono or RCA socket 
SPST switch 
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~ LOW-POWER TTL-TO-RS232 INTERFACE 


It is not always necessary to resort to special ICs when TTL 
logic is to be connected to an RS232 interface. Here, a simple 


4 


j 
i 


q 


adaptor is proposed that can be 
components. 


Design by Dipl. Ing. B. C. Zschocke 


ESIGNING in TTL (transistor-transis- 

tor logic) is straightforward, TTL ICs 
are inexpensive, available with a plethora 
of logic functions, and generally well be- 
haved. They are also remarkable for their 
ability to withstand a lot of rough treat- 
ment (electrically, that is). Connecting up 
one TTL circuit to another rarely poses 
problems if the distance between boards is 
not too large. Unfortunately, problems 
arise when a TTL circuit is to be hooked up 
to, say, the serial port on a PC, These prob- 
lems are caused by incompatibility be- 
tween R5232 and TTL signal levels. Special 
integrated circuits such as the MAX232 are 
available to solve the compatibility prob- 
lem, but their cost is often pretty high. It 
pays, therefore, to develop an alternative 
interface based on discrete components. 
Such a circuit is described here. [t consists 
of an opamp and a handful of diodes and 
passive parts, all of which you may have 
lying around in your junk box, 


About the circuit 


The interface shown in Fig. 1 uses the 
datalines TxD (transmit data) and RxD (re- 
ceive data), as well as the RTS {request to 
send) and CTS (clear to send) lines, which 
are at a positive potential. Ground (pin 5) 
is, of course, also used. The remaining 
handshaking lines, DTR (data terminal 
ready), DSR (data set ready) and DCD 
(data carrier detect) are wired as a zero- 
modem, so that the PC switches itself into 
the ‘ready’ state. 

The communication in the RS232-to- 
TIL direction is very simple. The Tx line 
is connected to the gate of a MOSFET Type 
BS170 via a simple overvoltage protection, 
Ri-Da. When TxD is active (high), the pos- 
itive voltage turns the transistor on, so that 


the TTL output is pulled to ground, When 


built from discrete 


1N4148 


1N4148 


graig7 - 44 


Fig. 1. Circuit diagram of the TTL-to-RS232 
interface. Powered by the PC! 


This is achieved by an opamp set up as a 
comparator. The reference voltage is pro- 
duced by R3-D2, which keeps the non-in- 
verting opamp input at about half the TTL 
supply voltage, or 2.5 V (this equals the drop 
across a green LED), A high TTL level at the 
input causes the opamp output to swing to 
the negative supply level, and a low level, to 
the postive level. The actual swing of the 
opamp output voltage depends on the levels 
used on the RS232 interface. Depending on 
the RS232 interface card fitted in your PC, 
this swing can be anything between +5 V 
and +15 V, all of which are handled per- 
fectly by the present interface. 


The positive supply voltage for the 
opamp is obtained from the RTS-CTS ter- 
minals on the RS232 interface. The nega- 
tive supply voltage is obtained from the 
inactive TxD line. Capacitor C2 functions 
as a buffer that stores the peak voltage on 
the line when TxD goes active (low). When 
that happens, diode Ds prevents C2 being 
discharged. Components D3 and C1 havea 
similar function. In addition, D3 prevents 
a TTL ‘high’ level being short-circuited via 
a switched off RS232 interface. 

The construction of the interface is en- 
tirely straightforward on the printed-cir- 
cuit board shown in Fig. 2. Nothing can go 
amiss if you keep a good cye on the posi- 
tion of the polarized components. The TTL 
input and output are marked by an open 
and a closed arrow respectively. Finally, 
do not forget the pull-up resistor at the 
TTL output — without it, the interface 
does not operate correctly. a 


Resistors: 
1 10kKQ 

1 MQ 
1 22kQ 
1 B6kQ 


Capacitors: 
2. 100uF 25V radial 


C1;C2 


Semiconductors: 
1N4148 
green LED 
15V 0.4W zener 
diode 
BS170 
TLO61 


D1;D3;D5 
D2 


D4 
WM 
IC1 


Miscellaneous: 
1. .9-way sub-D socket 
for PCB mounting Ki 
1. Printed circuit board 920127 
(see page. 70) 


: 


TxD is not active, the negative voltage 
blocks the transistor, so that the output is 
effectively ‘open’. It can be pulled high 
with the aid of pull-up resistor connected 
to the power supply of the TTL circuit. 
Resistor R2 ensures fixed level ratios at the 
output when this is not connected to a TTL 
circuit. 

The operation of the interface in the 
TTL-to-RS232 direction is a little more 


nan — = ere 


symmetrically with respect to ground. 


Fig. 2. Printed circuit board design for the interface. 
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READERS’ CORNER 


LETTERS 


SPEED CONTROL OF LARGE 
DC MOTORS (May 1991) 
Since publishing Mr Lekesys’ letter in our 
June issue, we have received advice from 
Dr Nigim, which has already been passed to 
Mr Lekesys. This advice is repeated here, since 
other readers may well be interested in it. 
“The circuit could be used without any mod- 
ifications. The transformer Trl secondary 
(18 V) could be the transformer suggested 
by Mr Lekesys and supply both the elec- 
tronic circuitry described in Fig. 4 and the 
power part driving the motor shown in Fig. 2”. 
Editor 


S-VHS/CVBS TO RGB CONVERTER 
(October 1990) 
Dear Editor—A colleague and I success- 
fully built two working versions of the S-VHS/ 
CVBS to RGB converter. Currently you are 
running a series on ELV’s Audio Video Processor 
Type AVP300. 

T wish to upgrade the PAL decoder TDA45 10, 
(on the converter) to the multi-standard TDA 4650 
for PAL/SECAM operation on satellite chan- 
nels. Using the circuit of Fig. 4 in the June 
*9?2 issue (7.15 MHz crystal not fitted) we 
replaced the TDA 4510 chip. There was no 
problem in decoding PAL, butalas no SECAM, 
even if the (Mullard) TDA 4650 was forced 
intothe SECAM mode by hauling pin 27 above 
9 V. Replacing the chrominance filtering by 
a filter from a TDA 3591 based SECAM 
surplus board supplied by SENDZ again al- 
lowed us to decode PAL, but no adjustment 
of R102 would allow us to decode SECAM. 
Note that the TDA 3591 board when sup- 
plied with a sandcastle pulse would success- 
fully detect on pin 6 (of the TDA 3591) the 
presence of a SECAM signal. 

Such a project would be of interest to 
many of your readers who have built or are 
considering building the original project; could 
you possibly breadboard the modification 
or at least comment on any problems envis- 
aged with the design? If it is purely a set-up 
problems, is there a simple adjustment pro- 
cedure using a signal generator (with NBFM 
modulation) as opposed to requiring aSECAM 
video TV Signal Pattern Generator. 


N.G. Douglas, Burnham. 


Your letter has been passed to our Designand 
Development Department, who have taken up 


the matter with Mr Reelsen (since none of 


the prototypes are in our possession). 
Unfortunately, at the time of preparing this 
issue of the magazine (mid September), they 
have no clear solution to the problem. As soon 
as we have, we shall be indirect wdc con- 


BUILD A CD PLAYER 
(January 1992) 
Dear Editor—I read with great interest the 
project ‘Build a compact-disk player’ in the 
January issue and look forward to the promised 
‘add-ons’. 

I should be grateful if, in addition to the 
optical output module, you would consider 
the design of a variable pitch control (to in- 
crease and decrease the pitch of the music 
by, say, 12%, and the addition of a cueing 
system. Both of these features can be found 
on the Revox/Philips and Technics profes- 
sional broadcast players and would be use- 
ful in the Hospital Radio or Community 
Radio environment. | appreciate that this re- 
quest is bound to anger hi-fi purists, but 
some of us get our enjoyment from playing 
music to others — in my case with hospital 
radio. 


Martin Clarke, Great Dunmow 


The first add-on for the CD player (which 
can also be used with other equipment) is 
the AF digital-to-analogue converter pub- 
lished in our July—October 1992 issues, which 
we trust will be of interest to many readers. 
As far as a pitch control is concerned, have 
you considered ‘Pitch control for CD play- 
ers’ in our December 1988 issue which, ac- 
cording to our Design and Development 
Department is still going strong. Editor 


FREEWAY CORDLESS PHONE 
Dear Editor—I wonder whether any fellow 
readers can help. Recently my (owned, not 
rented) Freeway phone was disabled by a 
nearby lightning strike. Trying to get it re- 
paired has proved very difficult. 

Inthe end, | attempted the repair myselfand 
after hours of work finally found one dud 
transistor (No. 15, a 2SA1015) in the base 
unit. Replacing this has restored all functions 
but one, namely ringing to indicate an in- 


coming call. Outgoing calls are OK, and if 


the phone is picked up after another parallel 
phone rings, the cal] is there. The base to 
handset paging system works so I feel the re- 
maining fault must be very minor, even though 
I have been totally unable to locate it. 

I understand this model of phone is par- 
ticularly susceptible to lightning damage. Can 
any one help; is there a sympathetic telephone 
ia ped on — ? 


for the “Audible fluid el inticator’ on 


nano-farad (nF) is the ined: 
-of writing 1000 pF: uP. 


(ether than alectolptc ypes. 
is assumed to be 260 V. Asa rule of thumb, 


C, test voltages are measured with 2 a 
20KQV nstrument ut 


Mains (power line) yoltages are sok 
listed in the articles. Itis a assumed that our 


their part.of the world. 

“Readers in countries that use 60 Hesup- 
plies, should note that our cire its are usu- 
ally designed for 50 Hz. This will not nor- 
mally cause problems, although if the mains 
frequency is used for synchronization, some 
modificarion may be ie : 


fe voltage instead of the a nigoele 
The letter V is reserved for ‘volts’. : 


p. 63 is the same as that for the Smartec tem- 
perature sensor on p. 79. 


1.M. Tasker, Grantham 


We regret that of the various engineers and 
technicians we have approached, none has 
any experience of Freeway phones; we hope, 
therefore that one of our readers may be 
able te help—sorry we cannot in this in- 
stance! The few regrettable mistakes in the 
July/August issue were caused by a mix-up 
in photographic plates between prepress 
and printers—sorry! They have been put right 
in the September issue—see p. 71. Editor 


Reece DISSATISFACTION 
agazines with 


ae ——————= — 
jects are of a stand-alone nature, computers 
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and digital equipment cry out to be connected 
toeach other in clever ways. But everyone had 
different design ideas on how to make the com- 
puter. E77had the 68000-based Cortex, Wireless 
World had the Z80-based SC84, Elektor had 
the 6502-based Junior, and so on. Noting 
that people like souping up computers (like 
cars), some sensibly had expansion buses: 
Quarndon Qbus, Tangerine Tanbus, Interak, 
Acorn Atom bus, BBC Micro, ZX8 1], Spectrum, 
PCbus; unfortunately, all completely incom- 
patible with cach other. When the product 
became obsolete, so did the add-ons. 


I worked asa technical author, writing man- 
uals for the makers of the STEbus, for four 
years. The STEbus has solved a lot of prob- 
lems for industry. Why doesn’t the amateur 
world hear about industrial solutions? 

Computers exist to save human time. It is 
a waste of time re-inventing the wheel. You 
could design, build and debug your own com- 
puter from scratch, but it would swallow vast 
amounts of time. 

If you really must publish designs for sin- 
gle-board computers, make it a STEbus one. 
Your readers can then buy hundreds of boards 


off the shelf from a range of suppliers: from 
an 8031 toan 80386, digital I/O, analogue I/O, 
SCSI, Ethernet, modems, power supplies, sig- 
nal conditioners, and many more. 


Keith Howell, Cambridge 


Since | am a great advocate of standardiza- 
tionona world-wide basis (particularly where 
computers and television are concerned), I 
agree with you and have passed your letter 
toourchiefdesign engineer. Many discussions 
will, no doubt, ensue! Editor 


| | WANTED: name and address of supplier of 


IC Type U2400B. Please write to C. Harding, 


| 16Crystal Way, Waterlooville, Hants. PO7 8NB. 


FOR SALE: electronic components. Send SAE 
for list to Alan Auden, 206 Ellerdine Road, 


/ Hounslow TW3 2PX. 


FOR SALE: PC, XT, AT data security cards, 
all inclusive £89. B. Ford, c/o 550 Pandora, 
Victoria, BC, Canada, V8W 1N7. 


WANTED: service manual for Marantz receiver 
Model 29. Please write to Mika Laitinen, 
llosjaki, SF44800 Pinnpudas, Finland. 


FOR SALE: Trio oscilloscope CS2070, 
4-channel, 70 MHz bandwidth, delay, TB, 


' vectoring, user manual, soft case VGC. 59 
, £500 ono. Phone 081 769 3297. 


| WANTED: LM1011N audio IC. Please write 


to John Atchison, c/o no. 1 Cottage, 


Bankhead Holdings, Galston, Ayrshire. 


_ EXPERIMENTERS: 800 Mb optical disc 


drive, removable, W.O.R.M. cartridges; yes, 
800 Mb! £220, Phone 0254 760 003. 


WANTED: circuit diagram for integral Data 


_ Systems Microprism 480 printer. Write to 


Stephen Shaw, 21 Kanfer St., Greenhills, 
1760, South Africa. 


FOR SALE: 2 TEK 564B storage oscillo- 


ered. Phone 0245 44: 
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SWITCHBOARD 


FOR SALE: Plotter A1 for EE; software and 
hardware building instructions; £15. For 
mechanical parts price write to Kaj Larsen 
Gyvelvej 33, 9560 Hadsund, Denmark. 


FOR SALE: Elektor Z80 CPU, 4x64 k 
RAM, 64 k EPROM, clock, VDU cards, 3U 
card frame. £100 plus p&p. Phone 0268 
680 906. 


FOR SALE: Flektor Electronics issues 
1-92, 94, 95 plus Elektor book, mostly 
bound. Phone 0372 740 678. 


WANTED: circuit diagram Crotech oscillo- 
scope Model 3030; buy or borrow. Call 
Steve any time, 0858 462 490. 


FOR SALE: Type 475, 200 MHz, Tektronic 
CRO, £320. Marconi Sig. Gen. TF2008, 
£220. Cossor, 30 MHz, CRO; £185. Must 
sell; phone 0543 579 818. 


WANTED: single board computer 
8051/8032 type to use in conjunction with 
EMON51 course. Please phone Paul on 
0945 61394. 


WANTED: MEK6802DSE evaluation sys- 
tem or similar 6800-based system. Phone 
Alan on 0494 786 381. 


WANTED: EPROM programmer and 
eraser. FOR SALE: Atari ST with software 
or swap for above. Phone Stephen on 
0628 485 946. 


FOR SALE: Z80 mini system (machine 
coded) with I/O and musical card. Good for 
learning. £120. Also programmable 1/O 
(3x8 bit) card for IBM PC with manual; un- 
wanted project; £35. Phone 061 881 5770 
after 8.30 p.m. 


WANTED: Nascom2 PCBs any condition; 
also 2EAP assembler (EPROM). Write to 
D. Grierson, 33D Edinburgh Road, 
Musselburgh EH21 6EE. 


WANTED: Zilog ICs Type Z84C4406VED 
and Z84C3006VED. Please write to Rob 
Peek, PO Box 12672, Denoryn 1504 
Transvaal, South Africa. 


FOR SALE OR SWAP: G2DAF SSB Tx 
Mk II. Metal cabinet and chassis; work, still 
in original packing. Large transformer 

230 VAC input, secondary 330-0-330 V at 
130 mA; 2-0-2 V at 3 A; 3.15-0-3.15 V at 

6 A, made by LTP, Ref. No. 17454. W.H.Y. 


FOR SALE: modern valves, bases, trans- 
formers, good quality, slight use; now solid 
state. Phone for list 091 528 3122. 


FOR SALE: Inmos T800 transputer mod- 
ule, 2 Mb DRAM; one 28 k SRAM: one in- 
terface and data. £150. Call Charlie on 
0705 522 260. 


FOR SALE: Hitachi LMO58 40x1 line dot 
matrix LCD. +5 V. Built-in controller. 

30 page data. £25 incl. p&p. Phone 

081 845 1920. 


WANTED in the Reading area: quick-fit 
chemistry glass ware and equipment; re- 
flux, distillation, etc. Phone Mr T. Lawson- 
Smith on 0734 868 640. 


WANTED: i/c ref. 7051 COP420/Tyan 
Philips 4822-209-10356 for VR2220 or 
VCR; working or not. Phone P Forshaw on 
0709 881 951. 


FOR SALE: Tektronix 475 oscilloscope; 
200 MHz, dual trace, delay sweep, probe. 
£395 ono. Phone 0543 450 347. 


Send this coupon to 
Elektor Electronics (Publishing) 
P.O. Box 1414 
Dorchester DT2 8YH 
England 


Block capitals please — one character to each box 


ELEKTOR ELECTRONICS 11/92 
Name and address MUST be given 


NEW LOGIC SYMBOLS 


N the late 1960s, the International Electro- 

technical Committee, IEC, set up a work- 
ing group to devise symbols for binary logic. 
The work of this group culminated inthe early 
1980s in IEC Publication 617: Graphical 
Symbols tor Diagrams, Part 12: Binary Logic 
Elements. This standard, published in 1983. 
went into general circulation in carly 1984. 
It takes into account the use of computer-aided 
drafting equipment and all symbols are de- 
signed on a grid. 

The symbology contained in the standard 
provides that each symbol has one meaning 
only; rules are given how these symbols can 
be united to form the most complex logic func- 
lions. In a way, it may be compared to the 
higher programming languages: these, too, 
contain symbols (letters, ciphers, punctuation 
marks) that have one meaning; syntax Is 
used lo unite them into complete computer 
programs. 

In spite of the standard having been pub- 
lished in 1983, even today many manufac- 
turers feel obliged to give the ‘old’ symbol 
alongside the new [EC symbol. The reason 
for this is that, although the new symbols 
are far more informative than the previous 
ones, they have to be learned like a new lan- 
guage. And it remains true that most of us 
are conservaive: we don’t like change. 

Nevertheless, we feel that the time has 
come to start using the new symbols in our 
drawings. Most technical schools and col- 
leges, as well as the semiconductor indus- 
try, have been using them for years. The 
reason that we have been slower than usual 
in adopting a newer and better technique is 
a very practical one. Our design depart- 
ment has been investing in the acquisition 
and further development of computers and 
software that are able to provide the de- 
sired quality of graphics output—note that 
a ‘normal’ CAD system ts not suitable. 
However, these systems have recently come 
‘on stream’ and the department can now start 
using electronic means of reproducing the 
new symbols. 

Do not think, though, that we are chang- 
ing overnight: the move to using the new sym- 
bols will be a gradual one and will probably 
take until the end of the year. To prepare you 
for the change. a number of symbols for the 
basic functions, as well as a few more com- 
plex ones, are shown in the illustrations, We 
will publish the illustrations again in a num- 
ber of future editions. 

An important point to bear in mind is, 
though, that we are not adopting the new 
IEC symbols automatically in all cases: sev- 
eral are far larger than the previous symbols 
and their use might mean that the relevant 


“Wieldy TG: 


) COE. ALS, 
such cases, we may choose a simplified sym- 


by our technical staff 


bol that is more akin to the old one. This 
will, of course, be made absolutely clear in 
the text, on the diagram or in the caption to 
the diagram. 

Do not be put off by a first sight of the 
new symbols: they may seem complicated 
at first. but they offer excellent facilities for 
specifying designs without requiring pre- 
cise forms of implementation, At the same 
time. they retain a precise specification of 
the required logic functions with the mini- 
mum amount of support documentation, 


An excellent book for learning to under- 
stand the new symbols ts A practical intro- 
duction to the new logic symbols by San 
Kampel, ISBN 0 408 01461 X, published 
by The Butterworth Group, Borough Green, 
Sevenoaks TN15 8PH, England. 


TABLE 1 
Dependency notation 


The letter x in this table is used to de- 
note an identifying number: substitution 
of an appropriate number is required in 

normal usage. 


Ax ADDRESS dependency 
Cx CONTROL dependency 
ENx ENABLE dependency 
Gx AND dependency 

Mx MODE dependency 

Nx NEGATE dependency 
Rx RESET dependency 


Sx SET dependency 
Vx OR dependency 
ZX INTERCONNECTION 


Table 3 (opposite 
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TABLE 2 


General qualifying symbols 


MUX 


COMP 
ALU 
i 

1 


SRGm 


CTRm 


CTRDIVm 


RCTRm 


FIFO 
CT=m 


page). Qualifying symbols and symbols used in 


AND gate or function 

OR gate or function 

XOR gate or function 
Logic identity 

The single input must be 
active (1.e, non-inverting 
buffer) 

An even number of inputs 
must be active 

An odd number of inputs 
must be active 

Coder or code converter 
(€.g.. DEC/BCD, BIN/7-SEG) 
Multiplexer 

Demulltiplexer 

Adder 

Subtractor 

Look-ahead carry generator 
Multiplier 

Comparator 

Arithmetic logic unit 
Retriggerable monostable 
Non-retriggerable 
monostable 

Astable, general symbol 
Astable, synchronously 
starting 

Astable, synchronously 
starting, slopping after 
completion of last pulse 
Shift register where 
substitution for m specifies 
number of bits 

Counter where substitution 
for m specifies number of 
bits 

Counter/divider where sub- 
stitution for m specifies 
cycle length 
Asynchronous counter 
where substitution for m 
speciticies cycle length 
First-in first-out memory 
If output: active if the 
counter state of the register 
content is m 

If input: when active, the 
counter state of the register 
content is set to m 
Element is reset at power-up 
Element is set at power-up 
Random-access memory 
Dynamic random-access 
memory 


side the outline. 
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2 aes a 


Lagic with common output 


Polarity indicator at input 


Polarity indicator at input 
(for information from right to left) 


Polarity indicator at output 


Polarity indicator at output 
(for information from right to left) 


Dynamic input 4 
| (edge triggered) " 


Dynamic input 
Internal connection 


Internal connection with negation 


Internal connection with 
dynamic character 


Internal connection with negation 
and dynamic character 


Internal (virtual) input 


Bi-threshold (input with hysteresis) 


Open-circuit output 


Open-circuit H-type output 


Open-circuil L-type output 


Passive pull-down output (similar 
to 19 but containing internal 
pull-down resistor) 


NEW LOGIC SYMBOLS 


Passive pull-up output (similar 
to 20 but containing internal 
pull-up resistor) 


Output with larger than usual 
output power (indicates direction 
of signal current) 


Data input 


J input 


K input 


R (reset) input 


S (set) input 


T (toggle) input 


Shift right (down) 


Shift left (up) 


Count up 


Count down 


Query (interrogate) input 


Compare output of an associative 
memory 


Bit grouping symbol for inputs 


Bit grouping symbol for outputs 


Operand (Q) input 


Greater-than input 


Less-than input 


Equal input 


Borrow-in input 


Borrow-generate input 


Borrow-generate output 


Borrow-out output (e.g., ripple) 


Borrow-propagate input 


Borrow-propagate output 


Carry-in input 


Carry-generate input 


Carry-generate output 


Carry-out output 


Carry-propagate input 


Carry-propagate output 


Content input 


Content output 


Non-logic input 


Ck, 
of] 


Non-logic output 


Input for analogue signals 


ALT 


Input for digital signals 


Greater-than output of a comparator [ f- Analogue output 
a Eee 
Less-than output of a comparator Digital output 


3-state output 


Equal output of a comparator 
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GENERAL INTEREST 


buffer inverter AND NAND OR NOR XOR XNOR 
Schmitt-Trigger- Schmitt-Trigger- 
inverter NAND 


CTRDIV10 
DEC 


Ao ow onwnsun = 0 


“mom BW Nw A GS 


decimal 7-bit analogue 
decade counter binary counter binary counter multiplexer! 


demultiplexer 


BCD:DEC 


74HC42 


Oo 
1 
2 
3 
4 
5 
6 
7 
a 
9 


presettable monostable BCD decimal J-K bistable D-type bistable 
4-bit up'down decoder 
decade counter 


Q 
1 

P<Q 
2 

P-Q 
PsQ 2 
e 74HC138 4 
74HC85 . 
Q 6 
ri 


74HC139 


T4HC75 comparator demultiplexer 
4-bit data latch 


7 1 
74HC240 74HC241 74HC245 74HC574 4HC4316 


quadruple inverter quadruple inverter B-bit octuple D-type quadruple 
with 3-state outputs with 3-state outputs bi-directional bistable with analogue switch 
3-state outputs | 
920071 - 14 


Fig. 1. A number of examples drawn according to IEC standard No. 617. a — k 
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READERS SERVICES 


All orders, except for subscriptions and past issues, 
must be sent BY POST to our Dorchester office using 
the appropriate form opposite. Please note that we 
can not deal with PERSONAL CALLERS, as no stock 
is carried at the editorial offices. 

All prices shown are net and customers in the UK 
should add VAT where shown. ALL customers must 
add postage and packing charges for orders up to 
£25.00 as follows: UK and Eire £1.75; surface mail 
outside UK £2.25; Europe (airmail) £2.75; outside 
Europe (airmail) £3.50. For orders over £25.00, but 
not exceeding £100.00, these p&p charges should be 
doubled, For orders over £100.00 in value, p&p 
charges will be advised, 


LETTERS 


Letters of a general nature, or expressing an opinion, 
or concerning a matter of common interest in the field 
of electronics, should be addressed to The Editor. 
Their publication in Efektor Electronics is at the discre- 
tion of the Editor 


PAST ISSUES 


Past issues, if available, may be ordered from 
Worldwide Subscription Service Ltd, Unit 4, Gibbs 
Reed Farm, Pashley Road, TICEHURST TNS 7HE, 
England. Prices including postage for single copies 
are £2.50 (UK and Eire); £2.80 (surface mail outside 
UK); £3.00 (air mail Europe); and £3.75 (airmail out- 
side Europe). 


PAST ARTICLES 


Photocopies of articles from January 1978 onwards 
can be provided, postage paid, at £1.75 (UK and 
Eire), £1.90 (surface mail outside UK), £2.25 (airmail 
Europe), or £2.50 (airmail outside Europe). In case an 
article is split into instalments, these prices are applic- 
able per instalment. Photocopies may be ordered 
from our editorial offices. 


TECHNICAL QUERIES 


Although we are always prepared to assist readers in 
solving difficulties they may experience with projects 
that have appeared in Elektor Electronics during the 
PAST THREE YEARS ONLY, we regret that these can 
not in any circumstances be dealt with by telephone or 
facsimile. 


COMPONENTS 


Components for projects appearing in Elektor Elec- 
tronics are usually available from appropriate advertis- 
ers in this magazine. If difficulties in the supply of 
components are envisaged, a source will normally be 
advised in the article. 


BOOKS 


The following books are currently available: 
these may be ordered from certain bookshops, 
or direct from our Dorchester office. 


301 Circuits 
302 Circuits 
303 Circuits 
304 Circuits 
Microprocessor Data BOok ............2.:cceeceeecceetnees £9.95 
Data Sheet Book 2.............., 
Data Book 3: Peripheral Chips F 
Data Book 4: Peripheral Chips.......0........-::eece £9.95 


Data Book 5: Application Notes .............-.........--- £9.95 
BINDERS 
Elektor Electronics Binder. ................00...:::ceeseee- £2.95 
FRONT PANELS 

PROJECT No. Price VAT 
(£) = (£) 

400-W laboratory PSU 900082-F 17.50 3.06 
Milliohnmmeter 910004-F 14.00 2.45 
The complete preamp 890169-F 7.50 1.31 
Wattmeter 910011-F 8.25 1.44 
900134-F 5.50 0,96 


Universal battery 


= — —————___ 


Logic analyser 
Digital phase meter 


9o0094-F B75 
910045-F 10.00 


“EPROM emulator II 


A list.of all PCBs, software products and front panels available through the Readers Services is 
published in the March, June, September and December issues of Elektor Electronics. 


Variable AC PSU 900104-F 14.00 2.45 

Timecode interface 910055-F 7.50 1.31 

Digital function 910077-F 9.00 1.58 

generator 

4-Megabyte printer 

buffer 910110-F S75 1.71 

Economy PSU 910111-F 9.00 1.58 

CD Player 910146-F 10.25 1.79 

Measurement amplifier 910144-F 7.50 1.31 

FM tuner 920005-F 11.25 1.97 

LC meter 920012-F 9.75 1.71 

Guitar tuner 920033-F 7.50 1.31 

NICAM decoder 920035-F 7.00 1.23 

12VDC to 240VAC 

inverter 920038-F 13.75 2.40 

Audio DAC 920063-F 8.50 1.49 

PROJECT No. Price VAT 
(f)  (£) 

Multifunction measurement 

card for PCs (1 x PAL16L8) 561 8.75 1.53 

Darkroom clock (1 x 27128) 583 9.25 1.62 

Video mixer (1 x 2764) 5861 10.00 1.75 

Four-sensor sunshine 

recorder (1 x 27128) 5921 10.00 1.75 

uP-controlled telephone 

exchange (1 x 27128) 5941 13.00 2.28 

RDS decoder (1 x 2764) 5951 13.00 2.28 

MIDI programme changer 

(1 x 2764) 5961 13.00 2.28 

Logic analyser (IBM inter- 

face) (1 x PAL 16L8) 5971 7.00 1.23 

MIDI-to-CV interface 5981 13.00 2.28 

Multifunction 1/O for PCs 

(1 x PAL 16L8) 5991 7.00 1.23 

Amiga mouse/joystick 

switch (1 x GAL 16V8) 6001 7.00 1.23 

Stepper motor board - 1 

(1 « PAL 16L8) 6011 7.00 1.23 

4-Megabyte printer buffer 

(1 x 2764) 6041 13.00 2.28 

8751 emulator 

incl. system disk (MSDOS) 6051 25.00 4.38 

FM tuner (1 x 270256) 6061 17.00 2.98 

Connect 4 (1 x 27C64) 6081 13.00 2.28 

EMONS1 (8051 assembler 

course) (1 x 27256 +disk 1661) 6091 17.00 2.98 

Multi-purpose 280 card: 

GAL set (2 x GAL 16V8) 6111 9.50 1.66 

Multi-purpose Z80 card: 

BIOS (1 x EPROM 27128) 6121 13.00 2.28 

8751 programmer (1 x 8751) 7061 39.50 6.91 


DISKETTES 


PROJECT No. Price VAT 
(£) (£) 

Multifunction measurement 

card (MMC) for PCs 1461 6.50 

8751 programmer 1471 6.50 1.14 

PT160 thermometer 1481 6.50 4 

Logic analyser: IBM software 

on disk, incl. GAL 1491 16.50 2.89 

Logic analyser: Atari software 

on disk (3.5"), incl. GAL 1501 16.50 2.89 

Plotter driver (D. Sijtsma) 1541 9.50 1.66 

PC-controlled weather 

Station - 1 1551 6.50 1.14 

PC-controlled weather 

station - 2 1561 6.50 1.14 

/O interface for Atari 1571 6.50 1.14 

Tek/intel file converter 1581 6.50 1.14 

B/W video digitizer 1591 9.50 1.66 

Timecode interface 1611 6.50 1.14 

RTC for Atari ST 1621 6.50 1.14 

24-bit colour extension 

for video digitizer 1631 9.50 1.66 

PC controlled weather 

station -3 1641 6.50 1.14 

8051/8032 Assembler course 

(IBM version) 1661 6.50 1,14 

A-D/D-A and 1/O for !2C bus 1671 6.50 1.14 

8051/8032 Assembler 

course (Atari version) (3.5) 1681 6.50 1.14 

AD232 converter 1691 6.50 1.14 
1701 9.50 1.66 


GAL programmer (3 disks) 
Tea’ DOS se q 


Pascal library for MMC 


e Limited supply. 


PRINTED CIRCUIT BOARDS 


Printed circuit boards whose number is followed by a 
+ sign are only available in combination with the as- 
sociated software, and can not be supplied sepa- 
rately. The indicated price includes the software. 


PROJECT No. Price VAT 
(f)  (£) 
APRIL 1992 
80C32 SBC extension 910109 11.50 2.01 
2-metre FM receiver 910134 8.75 1,53 
Comb generator 920003 7.25 «1.27 
FM tuner - 2 No PCB 
AD232 converter 920010 10.50 1.84 
Automatic NiCd charger UPBS-1 1.95 0.34 
LCD for L-C meter 920018 4.00 0.70 
Milli-ohm meter adaptor 920020 3.75 0.66 
MAY 1992 
Audio/video processor - 1 ELV project 
1.3 GHz prescaler 914059 4.25 0.74 
Compact mains supply 920021 6.25 1.09 
FM tuner - 3 (PSU) 920005-2 7.50 1.31 
GAL programmer 920030 950 1.66 
NICAM decoder 920035 12.75 2.23 
JUNE 1992 
4-Megabyte printer buffer 910110 16.00 2.80 
Audio-video processor - 2 ELV project 
!?C display 920004 4.00 0.70 
FM tuner - 4: 
~ mode control board 920005-3 4.75 0.83 
- synthesizer board 920005-5 9.25 1.62 
Guitar tuner 920033 8.50 1.49 
MAX660 inverter/doubler 920032 Not available 
Multi-purpose Z80 card 920002 17.25 3.02 
JULY 1992 
12VDC to 240VAC inverter 
- main board 920039-1 9.50 1.66 
- power board 920039-2 5.50 0.96 
Audio DAC - 1 920063-1 7.25 1.27 
Optocard for universal 
PC I/O bus 910040 11.00 1.93 
Audio-video processor - 3 ELV project 
FM tuner - 5 
- keyboard/display 920005-4 12.25 2.14 
- S-meter 920005-6 3.25 0.57 
RS232 quick tester 920037 4.25 0.74 
Small projects: 
CB to SW downconverter 924001 Not available 
Water pump control for 
solar power system 924007 6.25 1.09 
PC fan control 924009 Not available 
Battery regulator for 
solar power system 924010 Not available 
Power supply tester 924015 Not available 
Simple power supply 924024 4.25 0.74 
Metal detector 924038 Not available 
Wideband active teles- 
copic antenna 924102 2.75 0.48 
SEPTEMBER 1992 
EPROM emulator - II 910082 8.50 1.49 
Audio/video processor - 4 ELV project 
23 cm FM transceiver PCB available from author 
Audio DAC - 2 920063-2 16.00 2.80 


Kerber Klock IV contact Kerber Klock Ko. 


OCTOBER 1992 


Audio DAC - 3 920063-3 22.50 3.94 
8051 SBC contact Suncoast Technologies 
Mains sequencer 920013 14.75 2.58 
Wideband active antenna 924101 2.75 0.48 
RDS demodulator g80209@ 4.50 0.79 
NOVEMBER 1992 

Printer sharing unit 920011 412.50 2.19 
Sound sampler for Amiga 920074 575 1,04 
Difference thermometer 920078 4.50 0.79 
Low-power TTL-to- 

RS232 interface 920127 3.00 0.53 
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